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\VllKN Lli(‘ pR'sciii \V(»ik was liisl iiiHlciiakcii llicrc 
were but few woiks in Kiiglisb di-aliiig willi its 
subjeet-niatlcr, and hardly any wldcli dealt with 
the question of IManuring at any leaii^th. During' 
the List f(!W years, liowever, owing to the greatly 
iiH'.reased iuterest taken in agvieultural ediu-alion, 
the demand foi' agricultural seientilie literature ha.s 
(•ailed into cNistenee quite a. nuniher of new works. 
J)esi)ite this fact, the author ventures to lielicve that 
the ga]) whi(jh the present treatise* was originally de- 
signed to lill is still unfilled. 

Of the iniportanee of the subject all interested in 
agriculture are well aware. It is no (e\agg(*ralion to 
say that the introduction of the practic^o of artificial 
inamiring has revolutionised modern husbandry. In- 
deed, without the aid of artificial manures, arabhi 
: farming, as at present carried out, would be impos- 
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sililc. iMfly yiNirs ;i^'u tlu! praclicc, may lu' said In 
liava ]i(‘(‘.ii iiid^iiowii ; y(‘l so widfsjax'ad has it now 
h(‘('(iiii{>, tliat at Ui(‘ ]»r(-si*lil time the capital iiuested 
in tlu^ manure trade in tliis eountiy alom; aijioiints t(» 
millions steidin,^’. It ni'ed scarcely lx? ]K)inted on(-, there- 
hire, that, a. j)iaclic(! in which such \ast monetary 
in(er(‘sts an; involvi'd is woilliy of the most careful 
consideration hy all stiuhmts of ai^i'icnltiiral science, 
as well as, it inay he added, hy ])olilieal t'conomists. 

ddu! aim of lh(‘ pjvsmit work is to sup]»ly in a. 
concise and ])o])ular form the chief results of recent 
a;^ricultural nsstsirch on the ({iu',s(ion of soil fertility, 
and tin; ]iatur(‘ and action of vaidais mtiniires. It 
makes no juad-ence to l)e iiii exhaustive treatise 
on the suhject, and only contains those' facts which 
sc'cm to the author to have an important IxsiviipL;' 
on aoi'ic'ultural jeraetice. In the treatment of its 
suhject it may lx; said to stand midway hetweeii 
I’rofessor Stoi’ers receidly peiihlished elalxiratc and 
(‘xee'llent treatise' on ‘ dgrie-ulture in senne of its Jfe- 
latie)ns to (Jhe'inistiy ’ — a work which is te) he', warmly 
I'ccemimended to all stuelents of ai^ricultural science, 
anel to which the author would take this oppeertunity 
of ae'kne)wle'elL;ini;- his iiiele'htcdness — and Dr J. ^1. 
IT. IMiinrots admirahle little weak on ‘ Soils eind 
i\faimres.’ 

In order to reiielcr the work as intedli^^ihle to the 
orelinary agricultural reader as possible, all tabular 
matter and matter eef a more or less technical nature 
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liiivci l)(M‘ii rt'lcgaUjd to tlio A|»|)L*ii(lic(js attacl u'd in 
oacli ('lia|)t(‘i-. 

Tlio aiitlatr’s 8oiiio\\liat wido (‘\|)(irioiico as a Uni- 
versity Ivxtuiisioii lA'otiircr, and as a Lcetiirer in eon- 
nectinii witli Comity Cmmcil schoiiH's of aifricultural 
educatidii, diirine, tlio last fow yours, induci's liiin t<i 
Itoliovo tliat tlu‘. work may bo of ospooial valuo to 
tlioso ongaood in toaoldn,^' ;i^ricu]tiiral soionco. 

Ill' lias to ox[)i’oss tlio doo]» olili^ation lio is midor, 
in oonimoii with all writers on Agricultural (Jliomis- 
try, to tho classic ro.soarchos of Sii‘ .lohn Honnot 
kawi'S, Hart., and Sir d. Homy Cilhoii, imw in jiro- 
L^ross for nioi’o tlian lifly years at Sir dolm liaxvcs’ 
Ivxporiinont Station at Itotliainstod. His debt of 
^uratitudo to those distinc,uishod invosti;j;ators has 
boon still further ineroasesl by tlaur kindness in per- 
niittino him to dodiiaite tlio work to them, and for 
liavino been good onougii to read portions of the woik 
in ])roof. In addition to the free use wbicli lias been 
made throughout the book of the results of these, 
experiments, the last chajitcr contains, in a tabular 
form, a short epitome of some of the more important 
Uothamsted researches on the action of difrerent 
manures. 

To the numerous Cernian and French works on the 
subject, more especially to Frofessor Heiden s encyclo- 
paalic ‘ Lehrbuch der Hiingerlehre ’ and tlie various 
writings of Dr Kmil von WolIT, the authoi- is further 
much indebted. 
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Aihoiil; Works lie would csjx'c'iully iiiuiitioii 

llu‘ ;i,ssistiiiici* lio Ii:is derived from llie writings of 
Mr li. W'ariii^loii, k'.li.S., I’rofessor S. AV. floliiisoii, 
Professoi' Armsl)y, the late l)r Augustus Voeleker, 
and others. Hi; would also teiid(‘i' his at'kiiowh'dg- 
iiK'iils to th(! new edition of Ste[)h('iis’ ‘ I’ook of the; 
harm,’ :nid he has to thank its editor, his friend ]\tr 
-lanu's Maedoiiald, Secretary to the Highland and 
AL^iaeultni’al Soeii'ty of Scotland, for having read 
parts of his jiroof-slus'ls. 

It is also his ])leasin^' duty to Ihaidc his friends 
Dr Ik'riiaid Dyer, lion. Seeivtary of the So('iety 
of t’nhiie Analysts ; Dr A. P. y\itk('n, (dieniist to the 
Highland and A<;rienltnial Society of Scotland; Tro- 
h'ssor Douglas (dilehrist of Daiigor; Mr t'. d. (Moke, 
lati' of hliteham; Mrlhnniann Voss of London; and 
Professor AVright of (.Glasgow, for having assisted liim 
in the ie\'ision of ])roof-she(‘ts. 


.VN.M.YriCAI, IjAI!(>1;ATOUY, 

128 Wr.i.f.LN’croN STi:ia':i', (it.Asuow, 

Jd iiKiirii isiri. 
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PART I. 

II I STORK' A I, INTRODUCTION 




MANURES AND THE PRINCRPLES 
OE MANURINTI. 


n ISTO IU( L TNT1^( ) I ) IJCTION. 

A<ii!iC(7TUJUL Cjikmi.stkv, like most le’anclics of nat- 
ural sci{UK‘(^, may be said to l)e entirely of modern 
,j:;rowth. While it is true we have many old specu- 
lations on tlie subject, they can scarcely 1)0 said to 
l^ossess miu'h scientific value. The great questions 
wbieh had first to be solved by the agricultural 
cliemist were, — What is the food of plants ? and, — 
What is the source of that food ? The second of 
tli(\s(i two questions more easily admitted of answer 
than the first. The source of plant-food could only 
be the atmosphere or the soil. As the composition 
of the atmosphere, however, was not discovered till 
tlie close of last century, and the chemistry of the 
•^oil is a question which is still requiring much work 
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oni wo sliall 1)0 in ])o.sso.s.sinu of iiiiytliin_L( like, a full 
kuowle(l^L^(; of it, it will be at once ol)vioiis that the 
ve.ry fundanientnl <‘on(liti'»ns for a solution of the 
([uestion wen; awantin*;’. Tlui la'i^inninL^, then, of a 
tnu! scientific ai^ri cultural chemistry may 1 )c said to 
date from lluj brilliant discoveries iissociatcd with 
the names of J’riestley, Sclieele, Lavoisier, Cavendish, 
and lllack — tiuit is, towards the close; of lust century. 

Fjtiii/ on ^oiirtr of JHnvt-food. 

While tliis is so, and while we must re,i>ard the 
('arly attempts made towards solving this (piestion !is 
being, for tlie most ])art, of little scientific value, it 
is not without interest, from the historical ])oint of 
view, to glance briefly at some of tliesc old interesting 
sjteculations. 

Tlie Aristofelian doctrine, regarding the. possibility 
of dividing matter into the so-called four primary 
elements, Jlri\ air, carlh, and v'ati v, which obtained 
in one form or another till tin; birth of mod(;rn 
chemistry, had naturally an important influence on 
these early tlieories. 

Van Jfelmonfs Tlieortf, 

Among the earliest and most important attempts 
made to solve the i)roblem of plant-growth was that 
by Jean I’aptiste Van Tfclmont, one of the be;jt known 
of the alchemists, who ilourished about tlie beginning 
of the seventeenth (‘ciitury. Van Ifelmont believed 
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lluit he lijul proved by a conclusive experinient lluit 
all llie products of vegetables were capable of l)eiiig 
generated from water. The'details of tliis classical 
e.\l)ei'iiiiciit were as follows: — 

“ He took a given weight of dry soil — 200 Ih. — and 
into tins soil he jdanted a willow-tree that weighed 
5 11)., and he watered this eare.fully from time to time 
with pure rain-water, taking care, to ])revent any dust 
or dirt falling on to the earth in which the plant 
gi'cw. He allowed this to go on gi'owing for tivc 
years, and at the end of that ])eriod, thinking his 
e.\[)criment had been conducted sullieiently long, he 
jinlled up his ti'ee l)y tlui roots, shook all the earth 
oir, dried the ('arth again, weighed the earth and 
weighed the plant. He found that the ])lant now 
weighed 100 lb. 0 oilmans, wlnna'as the W(;ight of the 
soil remained v(!i’y nearly what it was — id)out 200 11). 
It had 01 dy lost 2 ounces in weight.” ‘ 

The conclusion, therefore, come to by Van Helinont 
w;is that the source of i)lant-food was v'aUrr 

* Till' History of tlio Clicmii’iil Elriii(.'iils. l>y Sir Iloitry K. Ros- 
'"f, F.U.S. (Will. Collin.*.', Suii.s, k Co.) 

■ ^’illl lleliiiont’s .science was, however, of an extremely rmlinienlary 
'latuie, as may he evitleneeti by tlic belief he entertaineU that the 
oiiells which arise from the bottom of moras.se.s jnoduee frog.s, .slugs, 
b erlic,Sj ami other things; as well as by the following reeijic wliich 
1,'ave for the production of a pot of mice: “ Pre.ss a dirty .shirt 
'"to the orifice of a ve.s.sel containing a little corn, after about twenty- 
days the ferment proceeding from the dirty .sliirt, modified by tin; 

' d 'Ur ut the corn, elfects a triui.sinntation of the wheat into mice.” 
tb'' erowning jtoint in this recipe, liowever, lay in the fact that he 
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Thi'onj. 

Some (ifly yiuirs luler-im extremely iiilerestiiiL; Itook 
\v:is ])ulilisli(‘(l lieariiii;- tlie I’ollow'mt; title: ‘A l)i,s- 
eourse eoneernin^ tlie Vey;el.ation ot Plaiils, spoken 
hy Sir Jvenelm 1 M'l;!)}', at (iresliaiu k'olle^e, on the 
li.'kl ol' January IGGO. (At a meeting ui' the Society 
tor ]iroim)iin_! 4 ' JGiilosophical Knowledne l)y Experi- 
ments. London ; Printed for John Williams, in Little 
Pritiun, over aL;ainst St Potolplrs (diiirt'h, IGGl).)’ 
The. anthor attributes plant-, i;r(»\vth to the inlluence 
of a hahidih which the air contains. This hook is 
especially inte.ncstiie^ as containiii,L; the earliest ree- 
oLtnition of the value of salt]»etre as a maiiuii'. The 
following is an (extract from this interesting old 
work : — 

“The sickness, and at last the death of a jdant, 
in its natural course, lu'oci'eds from the want of that 
balsamiek saline Juice; which, 1 have said, makes it 
swell, gernunate, and augment itself. This want may 
proc(!cd either from a destitution of it in the place 
where the plant grows, as when it is in a. liarren soil 
or had air, or from a defect in the ])lant itself, tliat 
hath not vigour suUicient to attract it, though it he 
within the sphere of it ; as when the root has hecomc 

iissei tod that lie* h:i<l liiiusolf Avitiiosscd tlic fnot, ami, as an iiiteTOst- 
ing and currohorative^ dotail, lio added that tlie mice were boi’ii fnll- 
grown. See ‘ l..ouis I’asteiir; Ills Life and Tjahoues.’ By Ids Son- 
in-law. 'rranslated by Lady Claud llamiltou. (Longmans, Green, 
& Co.) r. sa. 
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so hard, ohstriietud and cold, as that it hath lost its 
\'oL^(‘tal)le [iiiiclions. Kow, hotli tlu'sc iiuiy Ijc, rcims 
dy'd, ill a i^roat nicasnrc, hy one ami the same pliysiek. 
. . . The wati'i'iiiL;' of soils with ('ohl liun^^ray sprin^L;s 
doih litlh' good ; whereas muddy saline waters liroiight 
t(» ow'illow a piece of ground enrich it much. Ihit 
above all, well-(ligested d(‘W makes all plants luxuriate 
and prospei' most. Now what may it he that endues 
these liipiors with such })rolilick virtue :' The nicer 
water which is common to them all, cannot lie it; 
tlmi'e must lie soinething else enclosed within it, to 
which th(' water serves hut for a. vehicle. Kxaniine 
it hy sjiagyrie art, and you will lind that it is nothing 
else than a nifroifs mil, which is dilated in the water. 
It is this salt which givies IVecundity to <all things: 
mid from this salt (rightly understood) not only all 
vegetahles, hut also all minerals draw their origine. 
hy the help of plain .s'c//-/yr/( /■, dilated in water and 
iidugied with some other lit earthy sulistanee, that 
may familiarize it a. little with the corn into which 
1 endeavoured to introduce it, 1 have made the har- 
renest. ground far out-go the richest, in giving a pro- 
digiously jdentiful harvest. 1 have seen hemp-seed 
soaked in this li([Uor, that hath in due time made 
such plants arise, as, for the tallness and hardness 
et them, seemed rather to he coppice-wood of fourteen 
years’ growth at least, than plain hemp. The fathers 
'd file ('hristian doctrine at Paris still keep hy them 
h-»r a monument (and indeed it is an admirahle one) 
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a plant of l)arloy coiisistin.^ of 240 stalks, spriia^ing 
from 011(3 root or ^raiii of liarley ; in wliicli tlicy 
coiiiit(‘.(l altovc 18,000 ‘^waiiis or seeds of barlciy. Hut 
do you tlduk tliat it is bandy the salt-peter, imbibed 
into the s(!(‘d or root, wbudi eausedh tliis leitilit\ ( 
no : that would be soon I'xluiusted and could not 
furnisli matter to so vast a ])rogeny. The salt-peter 
tliere is like a imn^net, whicli attracts a like salt 
wln(di fo'cundates the air, and gave cause to tlie 
Cosmoi)()lite to say there is in the air a liiddeii food 
(.)f life.”i 

J)(iJi(rnirl and JJaJri^. 

The names of the Trench writer, 1 tidiamel, and of tin; 
Knglish, Stephen Hales, may be mentioned in jiassing 
as authors of works bearing on the (piestion of veg- 
ctalile })hysiology. Hoth of these writers nourished 
about the middle of the eighteenth century. The 
writings of the former contained much valuable in- 
formation on the ellects of grafting, motion of sap, and 
inlluence of light on vegetahle growth, and also the 
results of experiments whi(.di the author had c.arried 
out on the inlluence of treating plants with certain 
substances. ‘ Statical klssays, containing AT'getable 
Staticks ; or an Account of some Statical Kxjieriments 
on the 8ap of Vegetables, by Stephen Hales, D.i).’ (2 

1 llo then goes on to relate a nuinher of cx[)oriinonts by Cornelius 
Diebel and AlberUis Magnus, showing the refreshing power ot this 
balsam, ami then those of Quercitan with roses and other flowers, 
and his own with nettles. 
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vols.), was jmblisliod in London in 17d8 ; and contain- 
ed, as will l)c seen from its title, records of experiments 
of very iimeli the same nature as those of Didiamel. 

JrlJuv Tull's Thranj. 

Some reference may he made to a theory which 
ereate(l a (‘onsiderahle amount of interest when it was 
lirst ])uhlished — viz., that of Jethro Tull. The chief 
value of Tull’s contrihution to the suhj(;ct of a.i^ricid- 
lural science was, that he emphasised the importance 
Ilf tillai^e operations hy putting forward a theory to 
account for tln^ fact, universally recognised, that the 
more thoroughly a soil was tilled, the more; luxuriant 
I he ci'ojis Would he. As Tull’s th(;ory had a very 
cmisiderahle inllueiice in stirring uj) interest in many 
of the most impoi taiit prohlcms in agricultural cheni- 
isliy, and as it coidaintHl in itself much, tlie value; e)f 
wliich we have only eef late years come; to understanel, 
-I hi'icf statement e)f this theory may not he without 
interest. 

Aecoreling to Tull the foe)el e)f plants consists of the 
pailieles of the soil. These particles, however, must 
he' reiielered very minute hefeere they hecome availahle 
for the plant, winch ahsorhs them by means of its root- 
h'ts. This teulverisation of the soil goes on in nature 
indepeiideiitly of the farmer, l)ut only very slowly, and 
the farmer has therefore to hasten it on by means of 
tilliige operations. The more eliiciently these ot)era- 
-ions are carried on, the more abundant will the su})ply 
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of plant -food bo rondcrcd in ilic vsoil. Tfc oonso- 
(piently introduced and advocated the .system of horse- 
hoe hu.sbandry. TliLs ^Jieory, he informs us, was su^i^- 
gcsted to liim by the custom, whicli lie had noticed on 
the Ocjiitiiient, of growiii^L^f vines in rows, and lioeini; the 
inti'rvids between tlie.se rows from time to time. The 
ex(‘ellent results which followed this mode of cultiva- 
tion induced him In ado[)t it in England for his farm 
crops, lie acconlingly sowed his crops in rows or 
ridges, wide enough ajiart to admit of thorough tillage 
of the intervals by ploughing as well as by hand- 
hoeing. This he continued until the plant had reached 
maturity. As to the exact width of the interval most 
suitable, lie made a hirge number of exjieriments. At 
iirst, in the cultivation of wheat, he made this interval 
six feet wide; but latterly he adopted an interval 
of lesser width, that iinally arrived at being between 
four and live feet, lie likewi.se experimented on each 
separate ridge as to which was the liest number of 
rows of wheat to be sown, latterly adopting, as 
most convenient, two rows at ten inches apart. The 
great success which he met with in this .system of 
cultivation induced him to publish the results of 
his experiments in his famous work, ‘ IIorse-Hoeiug 
Husbandry.' 

While Tull's theory was based on principles at 
heart thoroughly sound, he. was carried away by lii^ 
personal success into drawing unwarrantable dedive- 
tions. Thus he came to tlie conclusion that rotation 
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of (.To|»s ^VJls unnecessary, provided tliat a tlioroiij;!! 
system of was carried out. Manures also, ae.- 

eonliii;^ to liim, niii^lit be eu.tirely dispensed witli 
uu(l(‘r his system of cultivation, for tlie true function 
of all manures is to aid in the pulverisation of the 
soil ])y fermentation. 

The first really valuable scientific facts camtributed 
to the science; were made by ITiestley, llonnet, Ingeii- 
hoiisz, jind Seiiebier. 

lUscuvci'i/ oj Utc Source of (JarJion. 

lo C'harles llonnet (1720-I7bd), a Swiss naturalist, 
is due tlie credit of having made the lii’st contribu- 
lioii to a discovery of very great im[)ortance — viz., 
the true source of the rarho/t, which we Jiow know 
forms so large a ])ortion of the plant - sidestance. 
bonnet, who hael devoted himself to the epiestion of 
the function of leaves, noticed that wlien these were 
immersed in water bubbles were seen, after a time, 
t') collect on their surface. J_)e la Hire, it ought 
to be })ointed out, had noticed this same fact idjout 
•^i-'^ty years earlier. It was left to Triestley, how- 
c\er, to identify these bubbles with the gas lie had 
‘I short time previously discovered — viz., oxygen. 
1 liestley had observed, about this time, the interest- 
iiig' fact that plants possessed the power of purify- 
big air vitiated by the presence of animal life.^ The 

I litstley, however, did not rcali.se tliat enrhome acid fjas was a 

i plaiit-lood ; on the contrary, he considered it to have a 
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next ste|) in this Ini^'lily interesting and iiiiportant 
diseovery was taken by .lolin Ingcnlioiisz (1 7d0-179!)), 
an eminent pliysieian- and natural philosopher. In 
1779, liigeiiliousz ])nl)lislied a, work in l>ondon entitled 
M'hxpei'imeiits on Vi'gctaldes.’ In it he gives tlu; 
results of soniii important e.x])oriments he had made 
on the question already investigated by bonnet and 
Priestley. These ex])eriments |)roved that ]»hinL- 
lea.ves only gave, uj) their oxygen in the presenee of 
suidight. In 1782 he ]»ublished another work on 
‘The Inlluence of the Vegetable Kingdom on the 
Animal Creation.’ ’ 

The source (if the gas, which bonnet had lirst 
noticed to be givcai oil from ]»lant-leav(3S, Priestley had 
ideiitilied as oxygen, and Ingenhousz had proved to be 
only given oil' luider the inlluence of the sun’s rays, 
was linally shown liy a Swiss naturalist, dean Senebier - 
(1742-1809), to lie the airhonic acid ijas in the air, 
which the plant absorbed and de(;oniposed, giving out 
the oxygi!!! and assimilaling the carbon. 

(Iclck'i'ioii.s aclion uii [»liiiil-gro\vtli. rcivival was really llie Jirst to 
point out (liat earboiiie aeid f^as was a plant-food. 

^ It is recorded as an instanei; of (lie scienlific enthusiasm of the 
man, that lie was wont to carry about with him bottles containin;L( 
oxygen, which he had obtained from cabbage-leaves, us also coils of 
iron wire, with which lie could illustrate the brilliant combustion 
which ensued on Imrning the hitter in oxygen gas. 

- For a full account of Senebiij^-’s researches, see ‘ Fliysiologic 
vegetale, conteiiant une description des organes des plantes, et line 
exposition dcs ])heiiomencs produits par leiir organisation, par Jean 
vSeiiebier.’ (5 tomes. Geneve, ISOO.) 
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rifh/lr((finn. of Fird Fiifjlldi Tmt/lsr on Af/ricnlfnnd 
Ohi'misfrjf. 

Ill ii Ix'ok (leiilini^^ witli tlm n^lnlions hetwdtiii 
(•h(‘]iiistry mid agrioultiini was piiblislidd. This work 
was written liy a Scottisli iioldainan, the Earl of 
I hiiidoiiald, and possesses esjiecial interest from tlie 
fad tliat it is the first book in tlie Eii^disli lan,e;iia^'e 
on a^rieidtural clieniistry. The full title is as follows : 
'A Tnaitise showing the Intimate Connection that 
subsists between Agriculture and ('hemistryd 

111 his introduction the author says; “The slow 
])rogress which agriculture has hitherto made as a. 
seieiicc' is to be asiailicd to a want of (alucation on 
tlie part of tlie cultivators of the soil, and to a want 
itf knowledge, in such authors as have written on 
agriculture, of the intimate connection that sulisists 
between the science and that of chemistry. Indeed, 
there is no operation or process not merely mechanical 
that does not dejiend on chemistry, which is defined 
to lie a knowledge of the properties of bodies, and of 
the efTects resulting from their ditterent combinations.” 

in quoting this passage Professor S. W. Johnson 
lauiiarks : ^ “ Earl Dundonald could not fail to see that 
clioiiiistry was ere long to open a splendid future for 
the ancient art that had always been and always will 
he the prime supporter of Xhe nations. Put wlien he 

How drops Grow. F»y Professor S. W. Jolmsoii. Mnentillnn 
t"' {Iiilro(luction, p, 4.) 
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wroto, liow focblo was the li.nlit that clieinistry could 
throw upon tlie finidamontal rpiestions of agricultural 
science ! Tlie chemical nature of the atmosphere was 
then a discovery of ha, rely twenty yi'ars’ standing. 
The composition of water had heen known hut tw(dve 
yc'.ars. Tlui only ac.count of the composition of plants 
that Karl Dundonald could give was tlie following: 
‘ Vegetahles consist of mucilaginous matter, resinous 
matter, matter analogous to that of animals, and some 
proportion of oil. . . . IJcsides these, vegetaliles con- 
tain (\arthy matters, formerly held in solution in the 
newly-taken-iii juices of tlie growing vegetaliles.’ To 
he sure, he ex])lains hy mentioning in suhse([ucnt 
jiages that starch lielongs to the mucilaginous matter, 
and that on analysis hy lire vegetahles yield soluhk' 
alkaline salts and insoluhle ])hosphate of lime. Ihit 
these salts, he held, were formed in the process of 
hurning, their lime excepted; and the fact of 'their 
heing taken from the soil and constituting the indis- 
pensable food of plants, his lordship was unacquainted 
with. The gist of agricultural chemistry with him 
was, that plants ‘ are composed of gases with a small 
proportion of calcareous matter ; for although this dis- 
covery may appear to he of small moment to the prac- 
tical farmer, yet it is well deserving of his attention 
and notice.’ ” 

J)e Sanssmr. 

The year 1804 witnessed the publication of hy far 
the most important contribution made to the science 
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1]) till tills time. This was ‘ lieclierchos CIiimi(|uo siir 
a VrL^i'tation,’ by Theodore de Siuissure, one of the 
Host ilhistrions agricnltural chemists of tlic century, 
hi! Saiissure was the hrst to draw attention to the 
iiiiieial or ash constituents of the ])lant; and thus 
uiticipiite, to a certain extent, the subsequent famous 
‘iiiinorar’ theory of the great Liebig. The French 
■liciiiist maintained that these ash ingredients were 
‘ssenlial; and that without tlicm plant-life was im- 
I'ossihle. He also adduced fresh (experiments of his 
>\vn in siqijiort of tlie theory, based on the experi- 
iients of Loiinct, Ih'iestley, Ingenliousz, and Sihiehier,. 
hat ])lants obtain their carbon from the carbonic 
icid gas in the air, under the influence of the sunlight. 
He was of opinion that the hydrotjm and o.nffim of 
ihe plant were, proliahly, chiefly derived from wat(ir. 
He showed that by far the largest portion of the 
I'lant’s sulistance was (hu'ived from the air and from 
water, and that the ash portion was alone derived from 
the soil. To vSaussure we owe the first definite state- 
nient on the different sources of tlie plant’s food. It 
laay he said that the lapse of nearly a century has 
^iiown his views to be, in the main, correct. 

Source of Fkmt-nitrogen, 

hhere was one question, which, even at that remote 
b‘‘i iod in the history of the subject, engaged the atten- 
ti"ii of agricultural chemists — viz., the question of the 
'‘'"urce of the plant’s nitrogen — a question which may 
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l)e fitly 1)0(1 nt tho pniscMit hour as still tho bnrii- 
([iicstioii of a^ric^nltiiral choniistry.^ 

As soon as it was cliscjovered that nitro^^oai was ;i 
(‘onstitucnt of tla^ ])laiit’s suhstaiu^e, specailatioiis as to 
its soiireo worn iiuhilL;')')! in. 'I'lio fact that the air 
fiirnish(Ml an iinliinitcd storehouse of this valuable 
element, and the analogy of the absorption of carbon 
(from the same source by ])lant-leaves), naturally sul;- 
oested to the minds of early inquirers that the free 
nitroo'iui of the air was the source of the plant’s 
nitrooen. As, however, no direct experiments could 
be adduced to ])rove tliis theoiy, and as, moreover, 
nitrogen was found in the soil, and seemed to be a 
necessaiy ingredient of all fertile soils, the opinion 
that the soil was the only source gradually supplanti^d 
the older theory. Idttle value, however, must be 
attaclual to these early theories, as they can scarcely 
be said to have been based on ex])erimeuts of sc^rions 
value. Indeed it may be safely allirmed, in tho liglii 
of subsecpient cxjxu-iments, that it was impossible fei’ 
this (piestiou to be decided at this early period, from 
the fact that analytical apparatus, of a sufUciently 
delicate nature, was then wholly unknown. Iinh'dl 
it is only within the last few years that it has been 
possible to carry out experiments which may be re- 
garded as at all crucial. A short sketch of tlie 
development of our knowledge of the relation cf 
nitrogen to the plant will be given further on. 

^ Rco |). 40 to 45. 
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Sir }Tuji)j>hrj/ Ihtri/s Lcrlurcs. 

A scries of loclnrcs on a^frifiiUiiral cli(‘inistry, (1(’- 
liviTcd ]))• Sir iliiiiipliry Davy duriiiL^- th(i y('ars 1S02- 
1S12, for the lloanl of A^yTiculturo, and sul)S(M|nontdy 
imltlislied in book form in llio year 1812/ affords ns 
ni o])|)()rtniiit:y of <4aiigiiiy, ])rel(y aeeuratcly, the statu 
if knowledge on tin; snbjeet at tlie time. 

Ptisifio/t, of A (jnr all and OJn'midrij at iHigianiiuf 
of Crntarjf. 

in liis opening lecture Davy says: “ Agrienltiiral 
'luMiiistiy has not yet received a regular and system- 
iti(‘ Form. It lias l)eon pursued by eompetimt exjxiri- 
iienlcrs for a short time oidy. The doctrines liavc 
lot as y(d l)een colle('ted into any ehnnentary treatise, 

. . and,” lie adds, “ I am sure you will ree(dve with 
iididgcnce the first attempt made in this country 

illiistrate it by a scries of cx})evimcntal {lemon- 
dralions.” 

He further on remarks: “It is evident tliat tlie 
^tudy of agricultural chemistry ought to be commenced 
y ,soni(> general inrpiiries into the composition and 
lature of material bodies, and tlie law of their changes. 
Hie surface of the earth, the atmosphere, and the 
water deposited from it, must either together, or sep- 
1 lately,- afford all the principles concerned in vegeta- 

Denicnts of Agricultural Chemistry, in a course of Lectures for 
tl"' Itoaid of Agriculture. By Sir Hiirni.hry Davy. (London, 1831.) 
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tion, and it; is only by exaininiiiL,^ tlic clicniical nature 
of these ])rincipl('.s that wc are eapahle of discover- 
ing wliat is the food 'of plants, and the manner in 
wliicli tliis food is supplied and prepared for their 
nourishment.” 

Davy goes on furth(‘-r to say : “ ISTo general prin- 
ciples can he laid down I'espccting the eom[)arative 
riK'rits of the dillerent systems of cultivation and the 
various systems of crops adopted in dirierent districts, 
nnh'ss the chemical nature of the soil, and the ])]iysical 
circumstances to which it is expos(‘d, are fnlly known.’’ 

ir(‘ recognises the enormous importance of experi- 
ments. “ Xothing is more wanting in agriculture 
than exp('riments, in wliich all tJie (‘ircumstances are 
minutely and scicmtiflcally detailed.” 

In dealing with the composition of ])lants he says: 
“ It is evident tliat the most essential vegctahle siilc 
stances consist of hydrogen, carbon, and oxygen, in 
ditlercnt proportions, geiKU’ally alone ; hut in some few 
cases coml)ined as carbon and nitrogen. The acids, 
alkalicns, earths, metallic; oxides, and saline compounds, 
tliough necessary in the vegetable economy, must ho 
considered as of less importance, particularly in theii’ 
rehition to agriculture, than the other principles.” 

Further on: “It will he asked. Are the pure eartlis 
in the soil merely active as mechanical or indirect 
chemical agents, or do they actually afford food to 
the plant ? ” 

This question he answers by saying that “water, 
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and Ilia deconiposiiiL*’ nnininl and vo'^^alaldc inattar 
existing' in tlie soil, constitute tlic true nourisliinent 
of jilants; and as the earthy parts of tlui soil are 
useful in retainin'^- water, so as to supply it in the 
proper jiroportion to tlui roots of I he veoetahlcs, so 
tliev are likewise eflieacions in prodiicin.it tlui ])roper 
distribution of the animal or vet^ntahle matter. When 
(Mpially mixed with it, they prevent it from deeom- 
I'osin,!,^ too rapidly; and hy their means the soluble 
purls jirc supplied in proper protiortions.” 

y^alvr of I km/. Lrdum. 

The eliicf value of thes(‘ h'ctnnis is dm', to the fact 
tliat they form the first attempt to eoniieet in a 
systianatic manner the various scattered facts, up to 
that time ascertained, and to intcr|)ret their hearin^^ 
on aerieultural practice. We hav(‘. in them, it is true, 
a strange mixture of facts belonging rather to botany 
ioul pliysiology than to agricultural chemistry; still 
they undoubtedly furnished a great impetus to inquiry, 
•‘Did at the same time they did much to popularise the 
science. 

Tut not merely did Davy summarise and system- 
idise the various results arrived at by others, he also 
^nade many valuable contributions to the science him- 
^'■If- The conclusions he drew from the results lie 
"htained were, no doubt, in many cases false, and in 
''ther cases exaggerated ; still the results possess a per- 
laanent interest. He may be said to have worked 
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out many of tlio most impovtanl: 'pliy^irnl or rnerJian- 
i('(d ])ro])crtios of a soil, alllioii'^h exaLjgeraiiiig' the 
im])ortanc(i of llio iiillirenco of ilicso properties on the 
(pieslioii of fertility^ 

Tliese exp('riinenls had to do witli the lieat- and 
water-absorbing powers of a soil. He experimented 
on a brown fm'tib'. soil, and a cold barren clay, and 
found at- wbat rate tb(‘y lost beat. “Xotbing,’' be 
says, “can be more evident than that the geni:il beat 
of tlu‘, soil, particnlarly in spring, must be of the 
highest importances to the rising plant; . . . so that tin' 
temperature of the surfaces, when bare anel exposeel to 
the rays of the sun, attesrels ai least one inelication eif 
the de^grec esf the fertilily.” 

Again be says : “ The power of soils te) absorb watei' 
from air is much esonnecteel with fertility. ... I have' 
conijsareel the alesorbcnt ])owers of many soils, witli 
respect to atmospheric moisture, and 1 have always 
founel it gresatest in the niesst fertile senls ; so that it 
alTords one metboel of juelging of the productiveness 
of land.” 

AVbe're be erreel was in overestiniating the functions 
of the mechanical properties of a soil, and in consider- 
ing fe'itility to be elue to them alone. 

J)uring the next thirty years or so, little progress 
seems to have been made in the ‘way of fresh experi- 
mentation. 

^ This department of agricultural re.search was subsequently en - 
ried on by Sprengel, Schiiblcr, ami others. 
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IJoussinfjftvlL 

111 1821, IjoiissiiigJiult,^ llu; iiio.sL distiiiguisliL'd 
I'n'iich :igri(-ulliind cliend.st of the cciitmy, begnii 
lliat series of brilliant eheinieo- agricultural experi- 
ments oil his estate at llechelbronn, in Alsace, the 
ivsults ol' which have added so much to agrieultural 
science. Jt was the lirst instance ol the combination 
ol “science with practice,” ol tlie institution ol a 
laboratory oil a larin ; a combination jiecidiarly fitted 
to promote the interests ol agriculturid science, and 
an ('xample which has been since followed with such 
niagnilicent results in the case ol Sir John Lawess 
laiiious Itothamsted Experiment Station, and other 
h'ss known research stations. 

Houssingault’s lirst paper appeared in 1820, and 
Aas entitled, “ The amount ol nitrogen in dillerent 
kinds of foods, and on the e(jual value ol foods 
tnuiuled on these data.” 

In the year following other papers were published 
vn such subjects as the amount of gluten in dillerent 
kinds of wheat; on the meteorological considerations 
li(jw far various agricultural oj)eratioiis — such 
extensive clearings of wood, the draining of large 
swamps, — inlluence of climate on a country ; and 

experiments on the culture of the vine, 
houssingault was the first observer to study the 
"eieniific principles underlying the system of rotatwn 
* iioru ill Taiis, 1802 ; died 11th May 1887. 
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of m>/>s. In 181)8 lu'. ])ul)lisluHl tlin results of sonic 
very elaborate experiments lie liad carried out on this 
sul)je('t. lie also \va.< the lirst chemist to carry out 
elidiorate experiments witli a view to deciding the. 
qiiiistion of the assimilation hy plants of free atmo- 
s])heri('. nitrogen, llis lirst contrihiition to the subject 
was }ml)lis]ied in 1888, hut can scarcely he regarded 
as possessing mncli scientilic. value, except in so far 
as it stimulated further research. Some thirteen 
years later lie returned to this (piestion ; and during 
the years Ihol-LS.lo cariied out most elaborate ex- 
periments, tlie results of which, until ([uitc recently, 
wore generally regarded as having, along with tliu 
experiments of l\lessrs Lawes, Gilhei’t, and rugli, 
delinitely settled the (piestion.^ 

In 188)0 lloussingaiilt was elected a meinher of tlii; 
.French Institute, an honour paid to him in recogni- 
tion of his great services to agricultural chemistry.- 

’ S(!0 p. 40. 

* While much of l>ous.siiigaiilt’s work was carried out previous 
tlu; year 1810, he coutiimed to enrich agricultural chemistry with 
numerous valuable contrilmtions up till the time of his death, h 
may be well here to mention the names of his most important coie 
tributions to agi imiltural science, made subsequent to 1810. 

In 1843 he published, in a work entitled ‘Economic Rurale,’ tlu' 
results of his numerou.s experiments and researches. This work 
well known to Engli.sh agriculturists from an Engli.sh trauslatior 
which appeared in 18 If) (Ronssingault’s ‘Rural Economy,’ translate! 
by G. Law. TI. Balliiire, London). 

In 1800 appeared the lirst volume of his last great work, ‘Age’' 
uomie Chimie Agricole et Physiologie.’ This work, which consist^ 
of seven volumes, was not finished till 1881. lie died on the lb** 
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Tlu; I'oregoiii,^’ is ;i brici’ o|)it()iiio of tlio history of ilic 
d(3Vclo))m(3iit of agricMilturiil clieiiiistiy iip to tlio year 
LS40, the year which witnessed tin; piihlicatioii of one of 
tlie most meiiioralde works on tlie subject, whicli has 
appeared during tlie iiresent century — Liebig’s lirst 
repoi'L to tlie Ibitisli Assoeiation, a. work which niay lie 
described as constituting an ejtoch in the history of tlie 
sciiaice. Liebig’s jjosition as an agricultural chemist 
was so jiromineni, and his inllueiice as a teacher so 
potent, tliat a few biograi>hical facts may not be out of 
l)lacc before entering upon an estimate of his work. 

Liahuj. 

idebig was born at Darmstadt in the year 1803. ]le 
was the son of a drysalter, and early devoted himself 
to tlm study of chemistry in the only way at first 
at his dis])osal — viz., in an apothecary’s sliop. Soon 
hiidiiig, however, his opportunities of study limited, 
be left the apothecary’s shop for the University of 
boiiii. He did not remain long at Lonn, but in a 
short time left that university for Erlangen, where lie 
•'studied for some years, taking his rii.D. degree in 
1822. His subse([uent studies were carried on at 
f’eris under Uay-Lussae, Thenard, Dulong, and other 
diJ^ftiiiguishcd chemists. Through the influence of A. 
Humboldt, who was at that time in Paris, and whose 
ueipiMiiitance lie was fortunate enough to make, he 

ef >tay 1S87. It may be added that the Royal Society of London 
^ovarded him the Copley medal in 1887. 
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was riH'uix’cd into ( lay-Lus.sac’s private laljuratory. lii 
1824 — that is, wlicn lie was only twenty-one years oi' 
aoe — he was a])])oiiile(l Professor Jirtraimlhuvriu^ of 
Chemistry at the University of Giessen. Two years 
later he was a]>])ointe(] to the ]>ost of Professor OnJin- 
arivs — ail a])[)oinlinent whieJi he lield for twenty-five 
years. In 1845 lie was ci'eated Paron, and in 1852 
ai)pointed Professor at Munich. Jle died in 1878. 

Jlis Ftnl lirport lo Jiritlsh ^issociid Ion. 

The report above referred to was made liy hiehig at 
thi^ rispiest of tlu) Chemical Section of tlie Jd’itish 
Association. It was read to a meeting of the Associ- 
ation held in Glasgow in 1810, and was subseipiently 
])ublished in book form, under the title of ‘Chemistry 
in its A])[ilieation to Agriculture and ITysiology.’ 

Liebig’s jmsition, past training and experience were 
such as to ])eculiarly fit him for the ])art of pion- 
eer in the new schmee. As Sir J. H. (dlbert has 
remarked,^ “ In the treatment of his subject he not 
only called to his aid the previously existing know- 
ledge directly bearing upon Ids subject, but he also 
turned to good account the more recent triumjihs of 
organic chemistry, many of which had been won iu 
liis own laboratory.” 

In his dedication to the Pritish Association at the 
beginning of the book, Liebig says : “ I'erfeet agricul- 
ture is the true foiiiidatioii of all trade and industry 
^ See Britiali Association Proceedings, 1880, p. 511. 
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— it is lliu foundiiliun of tlio rieliu.s of Stiitcs. JHit 
;i ralioiiiil ,s 3 '.sleiii of agriculture caiiiiot be formed 
williout the ajiplication of .scieiililic i)riiici})Ie.s ; for 
siu'Ji a systeiii must be l»ased on an exact ac([uaii]t- 
aiiac with llie means of nutrition of vegetables, and 
with the inllucnce of soils and actions of manure 
u]iuii IIh'iu. This knowledge we must seek from 
eliriiiisiry, wliicb teaches the mode of investigating 
tlie com])()sitioiL and of studying the characters of 
llie diniu'cnt substances from which plants derive 
llieii’ iiourislimeiit.” 

//’/.S' rri/icism of the. “ Iftuiu/s'’ Tliron/, 

I lie lirst suliject which Liebig discusses is tla^ sei- 
I'litilic basis of the so-called “humus” tlu'oiy. The 
li'iimis theory seems to have lieen lirst promulgated 
ly kaidiuf and Thaer towards the close of last century, 
lliaerheld that humus was the source of plant-food, 
lie slated in his published writings that the fertility 
"1 a soil depended really upon its humus; for this 
^ulestauce, wntli the exception of water, is the only 
""uree of plant-food. l)e Saussure, however, by liis 
'-^periiiieiiiy — the results of which he had published 
lu IhOd — had shown the fallacy of this humus theory ; 
‘^^>'1 Ids statements had been further developed and 
"'ih-lantiated by tlie investigations of the French 
‘-'lieiiiist Lraconnot and the German cliemist Sprengel. 

1 Respite, however, the experiments of Saussure, Bra- 
^^Huot, and Sprengel, the belief that plants derived the 
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ciirl)oiuiceuii.s ]>ortiou of tlioir .substaiico from limiiiis 
.still seemed to be eummoiily held in 1840. 

While Lii'.biL;', therefore, can scarcely l)e .said to 
have been the lir.st to controvert tlie hiimiis theor}', 
he certainly d(‘alt it its death-blow. Jfe reasserted 
de Saiissnre/s comdusions, and by sonuj simple calcu- 
hitiniis showed very clearly tliat it was wholly unten- 
able. One of the most .striking;' of the arguimaits hu 
broiiifht forward was the fact that the humus of tlu; 
soil itself coiisi.sted of the deeayiMl vegetable matter of 
preceding ])lants. This being so, how, he asked, could 
it b(i the original source of the carbon of phints ? Tn 
reason thus was simply to rea.son in a circle. He 
pointed out, further, tliat ihe com])arative insohdjility 
of humus in water, or even in alkaline solutions, told 
against its acceptance as correc't. 


Jlis Mmcml Theor y. 

Having thus controverted the humus theory, he then 
goes on to deal with the question of the source of tlu' 
various ])lant constituents. In treating of the relati(»ii 
of the soil to the plant, he puts forward his “mineral 
theory. It cannot be doubted that, while the advaiio’ 
of science since Liebig’s time has induced us to coic 
siderably modify his mineral theory, it contained tlu' 
statement of one of the most important facts in tlu' 
chemistry of plant physiology. He was the first to full}' 
estimate the enormous importance of the mineral por* 
tion of the plant’s food, and point the way to one oi 
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tlio cliiei suura'S of a soil’s fertility. Uj) to this ])e- 
]'io(l tlic ash eoiistitiieiits had been generally eunsidered 
lo l)e of minor ini})orlanee. lly eni])hasising the ('on- 
traiy opinion, and insisting u})oii their essentialness to 
])l;iiil-life, he gave to agricnltural research a fresh iiii- 
|K‘tiis upon the rigid- lines. His statement of his niin- 
(M'al theory was in the main true, but was not the 
wliole trutli. 

])e Saussure, as lias already been pointed out, to a 
certain extent, aidicipated Liebig’s mineral theory. He 
was of the opinion that whatever might be the (^ase 
witli some of the mineral constituents of ])lants, others 
were necessary, inasmuch as they W(;re always found in 
the ash. Of tliese lie instanced the alkaline pliosphates. 
“ Tlie ir small (luantity.does not indicate their inutil- 
ity,” he sagaciously remarks. Sir ]liinit»hry Davy, 
as has already been poiided out, missed recognising the 
true importance of the ash constituents. It was left 
to Liebig, tlien, to restate the inii)ortant doctrine of 
t he essentialness of the mineral matter, already implied 
to some extent by de Saussure. 

Liebig says: “Carbonic acid, water, and ammonia 
are necessary for tlie existence of plants, because they 
‘aaitain the elements from which their organs are 
iormed; but other substances are likewise necessary 
i‘’r the formation of certain organs destined for special 
hiiictions, peculiar to each family of plants. Plants 
'obtain these substances from inorganic nature.” 

^Miile insisting on the importance of the mineral 
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(‘uiistitiK'iils, ]i(^ (lid .so ill a iiioro or less gcaicral way, 
iioL sulliciciiily distinguishing one ndneral conslitiiciit 
froni anoili(^u\ 

As all ])lant.s oontaincd (.‘(‘rtaiii organic acids, ami 
as these organic acids were nearly always found in a 
neutral state — /'.e., in conihiimtioii with bases, such as 
])otasli, .soda, lime, and magnesia — the jdaiit must l)c 
in a position to take u}> sullicient of these alkaline 
bases to nimtrali.se tlu'.so aidds. Hence the nece.ssity 
ot these mineral constituents in tlie .soil. According 
to him, however, the exact nature of the bases was a 
])oint of not so much im])orlanc(.‘. He a.ssunied, in 
short, as has been jtointed.out by 8ir d. H. Hilbert, a 
greater amount of mutual rephu-eability amongst the 
ba.scs than can be now admitted. 

l*a.ssing (.m to a consideration of the dillerence of 
the mineral composition of diirerent soils, he attributes 
this to the dilfereuce in the rock.s forming the soils. 
“ Weathering” is the great agent at work in rendering 
available tla^ otherwise locked-up stores of fertility. 
He attributes the benelits of fallow exclusively to the 
increased sigiply of these incomlmstible compounds 
which we.rc thus rendered available to the plant. 
Treating of this subject, he says: “From the pre- 
ceding part of this chapter” (in which he has been 
explaining weathering) “it will be seen that fallow 
is that period of culture when the land is exposed 
to progressive disintegration by the action of the 
weather, for the purpose of liberating a certain 
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(jiiniility of alkalios and silica, to lx* a])snrl)cd by 
fill lire plants.” 


///s Thrtn'ii of iManurr^. 

Tir-aliiic of manures, lie showed how the most 
iia])()rlant constitiuuits of maininrs were /H)(ash and 
Itliospjmh'ii, 111 the first edilion of his work he also 
insisted on the value of nilrot/rn in manun's, con- 
tleimiiiiL;' the want of precautions, in the treatment 
"f animal manures, against loss of nitrogen. 

In the later editions of his work he seems to have 
I'ni'eded Irom that o])inion, and considered that there 
was no necessity for supplying nitrogen in mannn's, 
since the ammonia, washed down in rain was a sufli- 
''i'‘iil: source of idl the nitrogen the plant required. 
It was here that Lichig went astray, first in denying 
the importance of supplying nitrogen as a manure; 
itnd secondly, in overestimating the amount of am- 
ninnia washed down in rain, which has subsequently 
I'*'‘‘n shown to he entirely inadequate to siqiply plants 
with the whole of their nitrogen.' 


i/is Thfory of Hot of. Ion of 6Vcp. 

explaining the benefits of tlie rotation of crops, 
hichig propounded a very ingenious theory, hut one 

^ h may be pointed out that, while the amount of ammonia washed 
' hy tlie rain is small, Schloesing has found in some recent ex- 
h“‘iifUts that a damp .soil may aksorb from the air in the course of 
3S Ih. of combined nitrogen, chielly ammonia, per aere. See 
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wliidi Wits l:iru;(']y of ji s|)(T‘iilativ(' iinlurc, 4 iid wliicli 
lias siiico 1)0011 shown to ho iiiifonndod on any scien- 
tific basis. If, was lo the I'l'toct that one kind of 
crop oxcroliMl niattors which won* especially favoiir- 
ahh' to another kind of cro]). 110 did not say whether 
h(‘ considi'i'iMl such oxen'tion positividy injurious to 
llu' cro]) which ('xcrefocl tlioni ; l)nt lie inforrod that 
what was oxcri'tn.d hy the crop was what was not 
riMpdrod, and what could, therefore, he of little liiui- 
elit to a crop of the same iiaturi' following it. 

The second ])ortion of Liehi^ts rejiort dealt with the 
processes of fi'rnientation, (h'cay, and ])ut refaction. 

% 

rdhlicdflon of L'o’h'of^ Sreond Jlrporf io Jlritit-ih 
Asm- Id Hon. 

In 1(S12 Li(‘hin' contrilinted his second famous )v- 
])ort to th(' British Association, sul)se{[uently jiublishcd 
under the title of ‘ Animal (licmistry; or, Oroaiiic 
Clumiistry in its Ajiplications to riiysiolooy and 
Pathology.’ The publication of this report creatiMl 
even o-rcatiu’ interest than the puhlieation of his first 
work. In it h(‘ may he said to have (“ontributed 
much to animal physiolo^uy, as, in his first, he did t" 
a^iaenltural chemistry, llis suhseipient principnl 
works on agricultural chemistry were — ‘ Principles 
of Agricultural Clumiistry,’ published in 1.S55. and 
‘On Theory and Practice in Agriculture,’ 1856. 
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Lirlii/js sirrrirrR to Afjncvlturfil (Hirnminj. 

All attoin]it lias Ikm'ii made to sketch in tlie very 
lii'icfcsl iiiaiiiier some of tlna main ])oiiils in LieliiL^’s 
icaAiiiiU', as contained in liis famous report to llie 
I’rilisli Association in 1840. Aoricnltiiral cliemistry 
lip till tliat yi'ar can scarcidy Ix' d(‘scrihed as liavini^' a 
disliiiel 1 ‘xistence as a hranch of chemistry. Much 
valuabli' work, it is trvi(‘, had already hemi done, 
cs] i('(-ially l)y his two ^L^reat ])redccessors, de Saussnre 
aii'l hoiissiiioaiilt ; l)u(. it was, down to the year 1840, 
a science made np of isolali'd fai'ts. Taelii^^’s i^eiiius 
loiiiK'd it into an important hranch of chemistry, 
>ii])plied tlie necessary connection between the facts, 
aial hy a series of brilliant generalisations formed 
tla* ]iriiiei])les upon which all snhseipient advance 
has heen hiiilt. 

As has already licen indicated, T4ehhj;’s chief 
'Alim to rank as the greatest agricultural chemist of 
tile century does not ri\st ujion the numher or value 
Ills actual researclu's, hut on the formative power 
A' exercised in the evolution of the science. His 
’"asltu'-iiiind surveyed the whole field of agricultural 
'A'aiiistry, and saw laws and principles where others 
^aw simply a confusion of isolated, and, in many cases, 
^‘‘I'lniiigly contradictory facts. 

^'at great as the direct value of Tiicbig’s work was, 
aiay he cpiestioiied whetlier its indirect value was 
“"t even greater. The publication of his famous 
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wnrlv liad llio (ifRict of a ^oiicval iiitorost tn 

([iKiStioHS wliicli iij) till ilieii had ])os.scsscd a Rpocinl 
inton'.sf, and ll)at For coinparativcdy hnv. I’.oth on 
tlu! (JonliiHiiit and in KnL;land a. V('ry lar^x^ aniouiit ol 
diacnssion took plaoo reoai’diiiL; liis various tlioorics. 

.DrrrlopiiiciU if Af/ricii/iimd Ju’Harrch in (irrmany. 

It was os])ccially in (Joniiany, liowcvor, thnt 
Linbig’s work bon^ its i^'roatc.st and most immcdiato 
fruit. Thanks to thu ^'roat olicniist, tlio (Jermaii 
(lovcrnnicnt rcHMagnised llu^ iin])ortauco of forwaiab 
iu^L;' scdcntific. rcsoar(3li ])y Stat (3 aid. Aoricultural 
Dopartmcuts worn added to some of tliu universities, 
largely at State exfxmse, while agricultural rcscarcli 
stations were, oiu^ after another, instituted in ditrer- 
ont ])arts of tlie country. 

Tlie first r»f the agricultural researcli stations to 
b(^ founded was the now famous one of Mdckerii. 
lunar Leipzig. It was instituted in tlie year 1851. 
Others followi'd, until at the jiresent day there are 
some seventy to eighty of these Vcrsfudis-Statiovfii 
scattered throughout Oermany, all well equipped aiul 
doing excellent work. Some idea of the activity of 
the Oerman stations may be inferred when it is stated 
that up to the year 1877 the total number of papers 
embodying the results of their experiments published 
by them amount to over 2000.^ 

^ The example, set by fiermany, ]ia.s been followed by other eoim- 
trie.s in whicb well-equipped researcli stations now exist. Perh:i]’> 
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To tiiico lhi‘ (I(!V(!lo])iiient of ai^Ticullurjil ('liL'iiiistry, 
siilisiMnu'iil. to Liobi^’s tiinc, in the way it has boon 
(loiic ])rior 1(1 tlie yoav 1810, is no lon^'or possible. 
This is due to tlie enornions inerease. in tlie nuinber 
ol Workers in the held, as also to (lie ov(‘i'laj)|)ing 
Hilt lire ot (heir work, wliieh I'enders ;i striet chroiio- 
lo-ieid rc'.eord wellniph an inipossibilily. It will be 
hi'lter, tlau'etoi'e, to attempt to u,ive. a brief statement 
ol our presciiit knowledi^i; on the subjeel, naming’ 
the eliiei woi'kei's in tlie various departments of the 
■’^ulijerL. 


Thr Hof ho nisf I'd Krprruni'iits. 
belore doing so, it is Jilting that refereiiee should 
made to the work and expi'.riments of two living 
I'aii^lish eheniists, who ha\'e doiu* niueli to (‘ontribute 
to our knowledge in every braneh of the sciences — viz., 
John Lawes, Hart., and Sir J. 11. (iilbert, F.lkS. 
liie tame of the Hothamsted experiments is now 
\Neild-wide; and no single experiment station has 
^'\or produeed sueh an amount of important work 
a.'^ the niagnilieeiitly eqiiijiped research station at 
k'»thaiii,steil. The llothamsted station may be said 
Jale from 1848, although Sir John latwes was 


' “ iiio.a striking (!xani[ile of tin* r:n»i(l dcvelcjpmeut of tlie iiiuaiis of 
'‘-^ooillunil rcs(.‘aivli is fiiruished ))y tlie tmiknl States ofAinenea. 

I'O'SPiu uvei' lifty :tgri(.-iiltural experiment stations, more or less 
''' ' "inipprd, exist at present in that country, all liberally sup* 
t " ^ h} Slate aid. Tli^ earliest to be founded, it may be added, 


‘ ’ 'd at Middletown, Connecticut, the date of its iustitutioii 
i67o. 


c 
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eiigji^cd in carrying out licld ex[)(3rimenls fur ten 
years previous to that dated in Idi:’) Sir»Iolin Lavvcis 
associated with himself tlie distinguished ehemist Sii' 
J. If. Cdlliert, and tlie numerous papers siiu'c published 
have almost invariably borne the two names. The 
ex])ense of working the station has been borne entirely 
by Sir dohn Lawes himself; who has further set 
aside a sum of £100,000, the i.ahoratoryj and certain 
areas of land, for the continuanee of the investigations 
afU'.r his death. The lields under experimentation 
amount to •about lifty acres. T>y a Trust-deed, which 
was signed on February 14 , 1880 , Sir John Lawes 
has Jiiade over the Lothamsti'd Experimental Station 
to the English nation, to be nnuiaged by trustees. 

It is iui].)0ssible to enter, in any detiul, into the 
nature and sco|»e of the Jvothamsted experiments.' 
it may be stated that, since the year 1847, some 
eighty papers have heeii published on field experi- 
ments, and cx})criments on vegetation ; while thirty 
pajiers have been published recording exjierimeiits oii 
the feeding of animals.^ 

1 It may tlius claim to be the second oldest experiiiieiital station, 
that instituted by Uoussingault at Jiechelbronii in Alsaco being the 
oldest. 

- For an account of the Rothamsted experiments, and a short bio- 
graphy of Sir John Lawes, the reader is referred to a pamphlet by tin’ 
present writer, entitled ‘Sir J. 13. Lawes, Bart., liL.D., ^hR.S., ami 
the. Rothamsted Ex])eriinents ’ (‘Scottish Fanner’ Office, 93 
Street, Glasgow). 

^ Of these numerous elaborate experiments, perhaps those which 
have attracted the most widespread interest amongst agriculturist'^ 
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Wliiit lias all along characterised these valuable 
(‘X]n‘i'iiueiits has been their jiractical nature. While 
tlirir aim has lieen entirely scientilic, the scale of the 
e.\])ciiin('nis and the conditions under which they 
have been carried out, have been such as to render 
them essentially hrhniad expm’iments. For this 
reason their riisults [lossess, and will always possess, 
a peculiar interest for every piractical farmer. 

The greatest services the hothamsted ex})eriments 
have rendered agricultural chemistry have been the 
\aluable contributions they have made to our know- 
ledge of the, fum.'tion of nitrogen in agriculture; its 
relation in its dinereiit chemical forms to jdant-life; 
;md the sources of the nitrogen found in plants. 
lh‘seaicli(!s of a most elaborate nature have been 
carried out on what is still one of the most keenly 
diiliated (|Uestions of the present hour — viz., the re- 
lation of the ‘‘free’’ nitrogen in the atmosphere to 
lh(! })laut; Of the very highest value also have been 
the elaborate I’escarches of Mr Jk AVarington, F.lv.S., 
"11 the important question of Nitrijlcatwn, which have 
been in course in the Kothamsted Laboratory for the 
last tifteen years, and to which full reference will be 
made in the chapter on Nitrification. 

1" the llothainsted experiments also we owe the 

hiuso carried out on the growth of wheat on tile .saine land 
I' ;ilU r year for a period of nearly fifty years. The important 
a 'vhich this series of experiments has thrown upon the theory 
l loj rotation of crops, and the .subject of the manuring of cereals, 
‘X iy great. 
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:3() 

I'erutatidii of Liebii^’s iiiiiier:il Llieoiy. In fact it may 
safely be said tliat no ex [)ei-iniei iters in tlie’ field of 
a.^riciiltiiral cliemislry liave made more niinieroiis or 
valuable coiitrilmtions to the soieiice than these illus- 
trious iiivestiL^ators. 

Uci'ii'ii' of our /i f Knoidcihjr ojWjjrlculturol 
( finnidrij. 

Some attempt may now l>e imuh^ to indicate bi’ielly 
our' ])rescnt knowlede'c, of thi5 moiH! im|)ortant facts 
riyardiiii;' ])lant l>hysiology, ai^ronomy, and manuring. 

Proxhiudr Com/xisiflon of Hu: riunf. 

Tlie great advance made in the direction of the 
improvement of the aomiracy of old analytical jiro- 
cesses and the discoveiy of numerous mnv ones havu 
furnished us with elaborate analyses of tlie composition 
of ])lants. We now know that the ]ilant-substanc(; 
is inaihi u]) of a large number of complex organic 
substances, formed out of carbon, hydrogen, oxygen, 
and nitrogen,* ami that tfiese substances form, on 
an average, aliout 95 ])er cent of the dry vegetahle 
matter; the other 5 ])er cent being made up of mineral 
substances. As to the source of these diflereiit sub- 
stances, our knowledge i.s, on the whole, pretty com- 
plete. With regard to the ciirlion of greon-leaviid 
])laiits, wliich amounts to from 40 to 50 per cent, 
subse(pient research has conlirmed Seiiebier and do 

' As-sociiiteil ill .somo cases with [)ho.si>horus ami .sulpluu'. 



CAT^nON FIXATION BY PLANTS. 


37 


Saus.smv’s cr)n(*liisi<iiis, tliat its source is tlie car- 
arid .^as of (he air. Tlie (leeoin])ositioii of tlie 
cni'l )( 111 ic acid cjas is (dlhcted hy the leave's under llut 
iiilhieiic(! of suiiliL^id. That a certaiu ([uautity of car- 
hon may 1)0 ohlaiiied from the carliouie acid absorbed 
liy ]ilaiit-roots, is indeed ])robable, Kspecially durin_Li; 
th(' early stages of plant-growth this source of carbon 
may be of considerable importance, (lenerally speak- 
ing, however, it may be said of all gre'en-h'aived ])lants, 
that till', ehief source of their carbon is the carbonic 
acid gas in tlie atmosphere. 

(^arl)Oii Ft.iyf/inu. In/ Phinh. 

The exact way in which (Tis decomposition e)f 
earlionic acid gas is etieeded by the', leaves is not yet 
clear. It s('ems to Ixi (fii'ectly depi'auh'ut, in some 
way or otlier, on the. cldoroyihyll, or gix'.en colouring 
matter. This de(.‘om])osition of carhonic. acid, and the 
iixatinn of the carbon by tin*, plant with the formation 
of starcli, takes place only under the inlluence of sun- 
light. During the night a rellex action takes place, 
wliicli is eommonly known .as re^iplration, and which 
is exactly analogous to animal respiration.^ The rate 
et whicli the fixation of carbon takes place depends 
on the strength of the sun’s r;^xs. It seems to take 

' It must 1)0, |)ointcd out that phuil-rospiratioii docs not tako place 
" 'lui'iug tlio iiight-tiinc. It prohahly goes on at all times, but it 
is only (luring the iiight-tiiue that its acTioii is apparent, as the 
it'\< rs(^ ]ir()( (‘Hs of earb()n assiinilation, which goes on at an incom- 
piirubly gri'ator rate, Tna.sks its action during the daytime. 
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])L‘icc very rapidly iiiul(!r a strong tropical siiii.^ The 
action of siinliglit on tlic absorption of carbon has 
been stii(li(Ml l)y a niinil)er of ol)scrv(;rs, among others 
by Sachs, J)raper, (jloez, (Iratiolet, Caillct, ITillieiix, 
Lommel, c'tc. 

Ad ion of lAiflit on Plonln/ronih. 

Experiments made by sevenil observers, more (^spe- 
cially rfelh'T, liavi^ shown lliat tlie yellow rays of tlu* 
sfdar spectrum are th(^ most potent in inducing this 
decomposition. 

Some interesting experiments have been carried out 
by different obseuwers on th(‘ possilu'lity of growing 
plants under tlie influence' of artificial light. Wliile 
it would seem that the liglit from oil-lamps or gaslight 
is unable to ])romot(; growtli, except in very excep- 
tional cases, the electric liglit, or other strong artificial 
light, seems to be capable of taking the place of sun- 
light. Heinrich was the first to show that sunlight 
could be replaced by the magnesium light. 

Experiments witli the electric light have been 
cai’ried out by Ilerve-iMangon in France and Dr Sie- 
mens in England. The plants grown under the influ- 
ence of the electric light were observed to be of a 
lighter green colour than tho.se grown under normal 
conditioms, thus indi(#ting a feebler growth ; in fact, 

^ Tlie length of the day has au important influence on plant-growth, 
as is evidenced by the rapitl growth of vegetation in Norway and 
Sweden. In these countries there is a late spring, and a short and by 
no means hot summer, but a very long period of daylight. 
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Siemens was of llm opinion that tlie electric lii^lit was 
ahoiit lialf as cffectiva^ as dayliL^lit.^ 

I’liesi^ experinicnts arc intcrestiic^’ from an industrial 
point of view; for it is conccivaldc tliat at some dis- 
tant lime electricity mi^lit be calh'd to tlie aid of the 
aerienltnrist. 


SoKirc (\f Pffinfs (h'l/i/rn. 

With regard to tlie source of tlie oxy.ctcn, which, 
next to carlion, is the cleni(mt most largely presmit in 
tlie })]ant's snlistance — amounting to, roughly speak’ 
ing, about 40 i»er cent — all eYidence seems to indicate 
that it is chielly derived from water, whicli is also the 
source of the ])lant s hydrogen. In addition to water, 
ciirhonic acid and nitric acud may also furnish small 
'[uantities. It has been pretty conclusively proved 
that the atmospheric oxygen, while necessary to plant- 
growth, and ])r()nioting the various clicmical vital pro- 
cesses, is not a direct source of the plant’s oxygen. 
The important function played by atmospheric oxygen 
•in certain stages of the plant’s growth has been, long 
recognised. Malpighi, nearly two hundred years ago, 
ol)Servcd that for the process of germination atmo- 
'^pheric air was necessary ; and shortly after the dis- 
eoveiy of the composition of the air was made, oxygen 
was identified as the important ^as in promoting this 

^ A point of great interest which these experiments eluciiUited is 
ih;it nocturnal repose is not absolutely necessary for the growth and 
'h v. h)praoi,t of all plants. 
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])roces.s. Oxygen is also es))(;eial]y liceessary duniig 
the period of ripening. 

Sot/rct’ oj nunJx' Ift/di'ogcii. 

ITydrogeii, wld(‘]i amounts to about (I per eent, is, 
as lias ali'i'ady Immoi jxiiiiled out, cliii'lly deiivcal fi’oiii 
\\’[\{x'X. n. is ]*ossi)tl(^ lliat ammonia also may form a 
souree. 


SoHirc I)/ Jdtflif.d XHrogcn. 

When wo come to treat of (be so^lr(H^ of tbo nitro- 
gen, wbieb is found in tbe plant’s subslanee to an 
('xtent Naiying from a. fraction of a ])er cent to 
about 4 jier centr, we eider on a. much mon^ debated 
((uestion. 

Wind, is tbe souree, or, wbat are tb(‘ sources, of 
plant-nitrogen ? is a question to tlu' solution of wbich 
more time anil more ri'seareb liave bi'eu dii voted than 
to tbe solution of any other question connected with 
agri c u 1 tura 1 chemist ry , 

The most obvious source is the free nitrogen, which’ 
forms four-liftbs of the atmosjiheric air. Reference 
has already been made to this ipiestion.^ rriestlcy 
was the lirst of the long list of experimenters on 
this interesting question. 

As far back as 1/71 he ailirmed that certain plants 
had the power of absorbing free nitrogen; and this 
opinion he supported hy the results of certain (‘xperi- 
’ 8oe pp. I.') and 22. 
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iiK'iits lie had made on the sul))ect. years later, 

viz., ill 1770 — In^Lfeidioiisz fiirliuT supported this 
(micliisioii, and stated tliat all ])laiits could alisorh, 
williiii the sjiace of a few lioiirs, noticeahle quantities 
<if nilroqen j^as. Th(‘ lirst to op])ose this tlu'ory was 
lie Saiissiii'(‘, who, in iSOt, carried out experimi'iits 
wliieli sh<>W('d that ])lnnts W(‘r(‘ nnahh! to utilise fr(M‘ 
iiitriiei'ii. 

SulisiMpient experiments, carriial out hy 'Woodhouse 
and Si'iiehiei', supported d(‘ Saussur(‘’s comdusions. 
Mention lias already hecm made of lloussiiLqault’s 
elahorate resi'andu's on the snhjt'ct.’ Ills lirst ex- 
periments were carried out in 18;>8. lie concluded 
dial plants did mtt a.ltsorh fri'e nitroqen. (leorqes 
^ die was the lirst to reassert the older tln'ory, ]mt 
lorward hy I’riestley and Inqvnhousz. II is opinion 
was founded on experiments he had carried out 
durim^f the years 1840-52. 'Fhe suhject (Teatial so 
'aiich interest at the time, that a committee of the 
Ireiich Academy — consisting of Dumas, llegnanlt, 
IMicot, (dievrcul, and Decaisne — were a])pointed to 
iiivostin'ate Ville’s experiments. The result of the 
■'‘Vesii^ration of the roinmission was to confirm Ville’s 
^w)»eriinents. It is a significant fact, however, tliat 
dit' plant experimented witli liy the Commission was 
(rrss ~ ,t It has heen commonly 

‘’-nulled that the results of recent expin’imcnts have 
'’''dinned Ville’s experiments. It is only proper to 
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point out lliat this is not a necossary inference. The 
iissiinilation of free nitrogen by tlie lefjum/inomi, so 
far as niodern i’(‘scar('h lias rcvi'aleil, only taki's plaeo 
under the inllnene(‘ of iniero-or^anic life. Yille’s 
experiments, howevi'r, were, snjiposed to be conducted 
under sfirilixrd eondilions. 

In the ni(‘antinie the results of Jloussingaiilt’s second 
scries of exjxni’nienls, eaiTied out between the years 
18dl and l-Soo, were published, and eonfirnied his 
earlier (^xperinieiiis. 

The results of a laree number of experiments 
subsequently carried out were in support of Boussin- 
,L.mnlt’s conelnsions. Amon^q them may l»c mentioncMl 
J\fene, Ifailiiie', (lunninq-, Lawes, (dilbert and Pugli, 
hoy, IVdydioldt., and Bretsclima'der. 

Smdi an amount of overwhelming evidence might 
naturally have been r(‘garded as conclusively proving 
that the free nitrogen of the air is not an available 
source of nitrogmi to the ])lant. The question, how- 
eveu’, was not decided. Jn 1870 Herthelot reopened 
it. From experinumts he had carried out, ho con- 
cluded that fr('(' nitrogmi was fixed by various organic 
compounds, under the influence of silent electric dis- 
charges. In 1887) he carried out further expmd- 
ments, from which In' concluded that argillaceous 
soils had the power of fixing the free nitrogen of 
the atmosphere. This they effected, he was of opinion, 
through the agency, of micro-organisms. Schloesing 
has recently shown tliat this fixation of free nitrogen 
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)y soils is oxtrcincly doubtful.^ Tlio oiiiii of iiilroyon 
)])S(*rve(l sucli conditions can be explained l)y 

,li(i alisorption ]>y tlie soil of eondnned nitro;>en — viz., 
nninonia — from the air. 

bertlielot’s early experiments in 187() bad the ellect 
bt stiinnlatiny a nnmh(‘r of other experiimmts, with 
tlu' result tliat we now possess the sobition of this 
loiiy-dehat(*d and most im])ortant problem. 

The names of the bettor known invostyyators on 
his sul)j'ect, in addition to Tlerthelnt’s, are tliose of 
Itclh'ieLfid, Wilfarth, Deherain, Jonlic, Dic'tzell, Frank, 
t-iail von AVoltt, AtwatfU*, Woods, Xobbe, Ward, llri'al, 
I’x'iissiiiyault, Wagner, Sehnltz-Liipitz, Fh‘isi*her, Fag- 
i"ul, Sehloesing, Laurent, Fetermann, Fradmowsky, 
iTyi'enick, Lawes, and (Jillxnl 

It is ■impossible to (niter inlo the details of these 
uost important experiments. An attempt may lu^ 
iiiule, instead, briidly to epitomise them. 


licrrat Expcruiicnts on NUrogm question. 

Ill the tirst place, it may be asked, How is it 
['•‘^^ihle tliat the previous elaborate experiments, pnb- 
lidied prior to 1870, slionld now prove unreliable? 
•'satisfactory explanation may Ix^ found in the fact, 
Law(\s and Clilbert have recently pointed out, 
that the fixation of the free nitreygen by the plant, 
a within tlie soil, takes place, if at all, through the 
'let ia y of clt'ctricity or of micro-organisms, or of both. 

^ See Chay)ter HI., pp. 120 .and 131. 
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Tlio (\'irli('r exp(U‘iinoiit,s, liowcvor, were so arranged as 
to (e\(‘lnd(' tlie inllneiien of (‘itlier of tIio.s(' ageiieies. 

Tlie ([uestion lins I'liiiliei’ l^eiai limited in its seo])('. 
It is now siip])Osed that only ])lants of the leijiunivon^ 
order liav(‘ tlie jKiwer of drawing upon tlie fn^e al- 
nios])h('i'ie niti'ogen. Of the ex])eriments above rc- 
lerred (o, tliose of IFcdlriegid and Wilfarth are tln’ 
most striking and im]H)riant. Tliey found in their 
ex])e]‘iments, that while the h'gnmes hav(‘. the ])ower 
of ohlaiiiing their nitrog(m from the air, cerc'als hav 
not. Similar ('xiun'iments hy Atwater in Amcri('ii, 
and otlu'rs, sn])port this eonelusion. 

Thm*r eonelusions may lui hrielly ('pitomisod ns 
follows : — 

(e) That the, legnminons jdants — sneh {is peas, 
Ae. — hav(‘ tln^ ])ow(t of drawing their nitrogim sup- 
plies from the free nitrogen of tlie air in a w.ay net 
)) 0 ssessed hy other plaids; and that they thus possess 
two sourees of nitrogim — the soil and the air. 

[b) That this absorption of fn'c nitrogen is not 
efleeted direetly hy the ])lant, Imt is the re.sult, so 
to sjieak, of the. joint Jiction of certain micro-organ* 
isms present in certain soils and in the plant itself, 
(,syni7u’os/.s). 

(e) That this tixalion is connected with the forma- 
tion of minute tuhercles on the roots of the plants 
of the leguminous class ; and that tliese tuliercles may 
be the liome of the fixing organism. 
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iil) That these lixiiig liiiero - organisnis an‘ not 
pi'csriit in all soils.* 

WTilc! the relation of free nitroi^eii to llui j)lant has 
tniL;' heeii, and still is, a ve-iy ohsenre problem, it was 
early reetynised that the eoinbined nit.ixyen presmitin 
soils and manures was an im]»oi'tant souree. of jdant- 
leod. Kefereiiee luis already Ikhmi made to the early 
theoiy of Sir Kenelm Ihghy regarding’ the. yalue of 
nil rates.” l)(i Sanssure, as wi* luivi! also already seen, 
was fully impressed with tlie im})orlanee of ap])lying 
nitrogen to the soil as a manure. Jdel)ig’s early atti- 
tiule on this ([uestion was to the efli'et, that to ap])ly 
nilrogen in manures was tpiite nniUMjessary, as the 
I'lant had a sullieient souree in the ammonia. ]iresent 
in the air, which he (‘rromnusly sup|)Osed was sui1i- 
rieiit in (luantity to su])])ly all tlu* neisls of the crops. 
Ih'sjiite this eiirly recognition of tlu; yalue of combined 
nitrogen to the plant, it is only of recent years that 
We luiye obtained any delinite knowledge as to the 
tespeetiye value of its diifenmt c.om])ounds as nian- 
nres, or as to the form in which it is assimilated by 
linj plant. It exists in three forms — (1) as organic 
nitrogon ; (2) as ammonia salts ; (o) as nitrates 
nnd nitrites. IMueli experimental work has during 
I'lle Yours been devoted to studying the comparative 
•n tion and merits of these three forms. 

1 ui'ther reference Ls miide to this subject in Ch:i[iter lib, [». 130. 

■ I'. 0. 



40 


1 1 ISTUKIUAL INTKODICTION. 


Jiclff/ iiiji of (hy(nii<‘ jyi(j‘()if('n (o (hr Plaiif. 

iMi’.st., as to the relation of orgaiiie nitrogen to tlir 
})lant. Tliere is a large niiinber of (lifrereiit oigaiiir 
eoiupoiiiids \vhieli eontain nitrogen. That the plant is 
al)le to assimilate certain oi‘ these organic eoni])Ounds, 
seems, from several experiments, to be extremely 
])robable. From certain researches, eai’ried out as 
far back as llui year ISoV, Sir Charles Cameron com 
eluded that tin; plant could assimilate one of them 
— viz., ttirK. From what, however, we have subse- 
([iiently learned regarding the process of “nitrifica- 
tion,” it is (pdte ])robable that the nitrogen in these 
experiments was first converted into nitrates before 
being assimilated. At any rale, as the plants were 
not tested for urea, the ex[H‘rinients must be regarded 
as leaving the problem unsolved. 

Other experiments were carried out of a simihu' 
nature by rrofessor S. AV. dohnson, the dilterent kinds 
of nitrogen ex})eriinented with being vric acid, hip- 
2) a ric acid, and fjuaninc. Jhit here, again, no^ definite 
conclusion can be drawn, as no analyses were made ef 
the ])lants. More recently, however, Dr Hampe has 
carried out experiments with urea, uric acid, hippfi c' 
acid, and (/b/cocoll. These experiments may be held 
as demonstrating the fact that at least one organic 
compound of nitrogen is capable of being assimilated, 
as urea was actually identified as being present in the 
plants experimented with. From further experiments, 
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(uiiiiHl out by Dr I’aiil Wii|^iicr and WolU’ (/fi/riii, 
hiivsiii, hiraliii arc abb; to Ik*, as.'^iiiiilaicd by tla; 

rhiiil''< iilh’ io (ilisorh ct rldui Fiiriiis nj ( hyti nw Xil 
W’t; may (.‘oucludc, Ibmi, I'roiii tlic.si! iiitcrc.stiiiL;’ 
( that [ilanls arc abb; to absorb certain 
"iuani(‘ I'orins of nilroj^vn. That they do so in nature 
U) any extent is cxtrcinely improbable, •such orj^anic 
ti'i'iiis of nitrogen Vicing rarely present in tlie soil, or 
it present, being converted into amnioiiia or nitrate 
Nilts before as.siniilation. 

Xd.iurc of Jliiiini.H III. the Foil. 

Wliile on the subject of organic nitrogen, reference 
Liav be brielly made to tliat substance kiujwn as 
the name applied to the organic t>urtioii of 
M»il,s, — a substance wliicli figures so largely in early 
tlieorirs of ])laut-uutrition. Tbe most elaborate in- 
vestigation of the composition of humus has been 
' 'Uvied out liy iAVulder. According to iWulder, it is 
e'nnjHjsed of a number of organic bodies, and he lias 
i^leiititied the following substances — ulmin, liumin, 
’'^>»ic, humic, geic acids, &c. These bodies are coni- 
po>ed of carbon, hydrogen, and oxygen, which are 
^'iV'Uialily associated with nitrogen. Detnier and 
million laave further investigated the subject. Tlie 
^^^ie lunction of humus, it would seem, in addition to 
umnerous mechanical properties, is to furnish, by 
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its ([('{‘oiiipositioii, ciiTlioiiic ludd and iiitnv^eii — in llic 
form of ammonia and nitric, acid — to the soil; tlic for- 
mer acting a.s a, solvent of the ndneral food, lire lattAi 
as tlie sonrc(‘. of the plant’s nitrogen. The old tlieorv 
tlicrefore, tliat tlie ]»r(‘sence of liumus in a soil is a 
condition of lertility, is not so far lemoved from tin 
truth. AVhere tlii'.re is an ahnndance of liunius in 
the soil there is likely also to lu; an alnindance ci 
nitrogen. 


licJatluih (>f A niDionid to the Plant. 

It seems to he heyond douht that nitrogen i- 
dire(‘t ly absorbisl by plants in the Ibrm of animonia. 
Li('big, as we have, seen, concluded that this was llir 
great source of nitrogen for tlu* plant, and that tin 
a.mmonia com])ounds ])resent in the air were an all- 
sullicieiit su])ply. Subseipient research, while ceii- 
tinning his belii'f so bar as regards the ca])ability "I 
plants to assimilal(‘, nitrogen in the form of ammonia, 
has ])roved that the amount of ammonia present iu 
the air is very minute, and utUn'ly inadeipiate 1" 
sup[»ly the plant with the whole of its lutrogcii, 
Investigations have been made on this suhjcci 
by (Iraeger, Kreseidus, TimTe, llineau, and Villo 
According to Yille’s researches, which are among tlia 
most recent, the amount does not exceed oO 
per tlunmnd million parts of air.^ Some conception 

' Si-e I'hil. Trans., I’art 11., 18()1, pp. 444-44G. Lawos k (iillH'’- 
Sohlocsiiig has found in the air iii the neighbourhood of Taiis 1 
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(,f ilir value of this source of iiilrogeii may lie gained 
l.v rsliiiiating the quantity falling, dissolved in rain, 
nil an acre of soil throughout the year. \hn'ious 
f tiuiaiioiis of tlie total amount of comluued nilrogen, 
vliirli is in this way brought to the soil, liave been 
iiui'le. A certain iunount of discn'pancy, it is true, 
i> III 1)(‘ found in tliese various estimations, no doubt 
l irgelv due to tlie dinerenee in the eireumstances 
iiiidiT which the investigations wiu’e carried out. 
Mr Waringtoii has made several investigations at 
hiitliauisted, and, according to his most recently 
I'uhlislicd ligures, the total quantity only amounts 
1" ii.oT lb. |)er acre ])er annum — of whicb only 2.53 
15. i-' ;is ammonia itself.^ 

As already mentioned, there can be little doubt 
that ])lants can absorb nitrogen in the form of am- 
iii'iiiia. The question of how far plant- leaves are 
:ih|i‘ to absorl) ammonia is a niucli debated one. It 
i' pi’iiliahle that if they can do so, it is only to 
Vi-rv small extent.- The question as to whether 
tlu‘ plant’s roots can ab.sorb ammonia or not, is 
hisn a very keenly debated one. The point is a very 

i 'lUiinoina ill 000, 000 cuUic yard.s ; wliilf; Miiniz tbiin<l only about 
h lit tliat iiiuount in a similar (juaiUity of air on the top of the Pic 

in Midi. 

S' I' ('liaptcr III., pp. 119 , 120; .Appendix, p. 155. 
sniiu' locL'iit experiments by Dyer and Smetliam would seem to 
' ■ nv tliat comparatively small iiuantities of ammonia in tlio air 
1 'qv. K'lually luirtfnl to i>lant-life. Thus they found that one 
V . luir ,if ammonia in 1000 volnmes of air was fatal to hardy plants; 
'vu.v one Volume in 3000 volumes killed tender ones, 

D 
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diflicult one to decide, and is niiicli complicated by 
the consideration that ammonia, when applied to tliu 
the soil, is so speedily converted into nitric acid. 
Despite, liowever, these difficulties, and the v.asi 
amount of controversy on the point, the expeii- 
ments of Ville, llosaus and Lehmann, seem to indi- 
cat(; beyond doubt tliat ammonia is a direct sourci' 
of nitrogen. Lehmann’s ex[)erimenls would seem, 
further, to indicate that there are certain periods 
of a ])lant’s growth wlien its preference for ammonia 
salts seems to be greater than at otlier times. Tlie 
point, however, it must be confes.sed, is still mi 
obscure one. The great dilliculty in deciding it, 
has just been said, lies in the fact that ammonia 
salts, when a])])lied to a soil, are, hy the process of 
nitritication, converted into nitrates. In experiment- 
ing, therefore, with ammonia, and noting the results, 
it is wellnigli impossible to say, except by subsm 
(pient analyses, whether the nitrogen in the ammonia 
salts has not been converted into nitrates before 
assimilation. 

lldation of Xitric Acid to the Plant, 

Thirdly, as to nitrogen in the form of nitrates 
While it is true that plants can absorb nitrogen ii‘ 
certain organic forms and as ammonia salts, it is mov 
a well-known fact that the chief, and by far the most 
important, source of nitrogen is nitric acid. Probably 
more than 90 per cent of the nitrogen absorbed by 
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; 4 iv(‘ii - leaved plants [rum llie soil is absorbed as 
nil I ales. Tlie lendeney of all nitrogen coin])oinuls in 
llie soil is lowai'ds eoiiversioii into nitric acid. It is 
iho linal fonii of nitrOL^en in tlie soil. The precise 
iiiolliod ill \vlii(di this conversion takes ])lace is a 
discovery of only a few years’ standiiiL;. The i^reat 
I'L'oiioiiiic ini])orlanee of this discovery, made by the 
hreiich ehemists Sehloesim^- and IMilntz, and asso- 
l iateil in this country with the names of Warington, 
Miinro, and 1*. F. IVaiddand, is only gradually being 
apjireeiated. It is without doubt one of the most 
interesting made in tlu' domain of agricultural chemis- 
Irv of late years. 


iXil/'lJii'fdi.oii. 

It was in the year 1877 that the two French 
clieiiiists above referred to ])ublished the results of 
some experiments they had carried out, which proved 
tliiit nitrilication — the name given to the process by 
^vliieli ammonia or other nitrogen salts are converted 
in the Soil into nitric acid — was due to the action of 
niiero-organic life. 

die basis of the theory rests upon the fact that 
dilute solutions of ammonia salts or urine, containing 
‘lb the necessary constituents of plant-food, if previ- 
“iiby sterilised, may be ke^it for an indefinitely long 
period of time, provided the air supplied be filtered 
tbrough cotton wool, — so as to prevent the entrance 
^'^^‘-'ii^-organisins — without any formation of nitrates. 
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liilroduco, however, into sueli a solution a little tresh 
soil, and nitrilieation will soon tollow. 

The conditions under which the nitritication fer- 
ment acts, as well as the nature of the ferment, or 
rather ferments, have subsequently been carefully 
studied by !Schloesin<^' and IMilntz, Winogradsy, Dehc- 
rain, Kellner, and other Continental observers, and 
especially l)y Warington, ]\Iunro, and V. F. Frankland 
in this country. These conditions cannot he gone into 
here. They will be fully discussed in the chapter on 
Nitrilieation. Friclly stated, thcjy arc a certain range 
of temperature (between slightly above free/ing-point 
and 50" C., tlie maximum activity taking place, ac- 
cording to Schloesing and Miintz, at about 50° C.) ; 
a plentiful sup])ly of atmosphere oxygen (liem-e the 
fact obsm'ved by Warington, that nitrilieation is 
chielly limited to the surfac(i-soil) ; a. cmdain amount 
of moisture; and flic presence of certain of the neces- 
sary mineral plant constituents, and the presence of 
carbonate of lime. 

The light which these discoveries throw upon the 
extremely complicated qiujstion of the fertility of 
the soil is considerable, as it follows that no soil can 
be regarded as really a fertile one in which the pro- 
cess of nitrification does not freely take place. They 
furthermore explain many facts, hitherto observed 
but not well understood, with regard to the action of 
diherent nitrogenous manures. 
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v/.s7/ (^(nisfiturnts of fJir Flanf. 

Wo now roiiK! to consider the present state of onr 
kiio\vle(l<ta on tli(^ essentialness of the ash or mineral 
portion of th(^ plant. AVhih*. a ])ortion of tlu^ plant’s 
sultslaiiee wliich, u]) to Liehie,‘’s time, had oldained 
liille iioli('e, it has, since the ])nhlication of liis famous 
“ miiK'ral ” tluM)rv, obtained an (‘ver-increasing amount 
of invi'slipation. 

rptill 1800 |)ractica,lly nothing was known of the 
funetion of tlie ash constitncnts. In 1802 de Sanssure 
wrot(‘ tliat it was unknown whether tlie constituents 
of ninny plants were due to the soils on which they 
^rcw, or w'hether tlupy were the products of vegetable 
gi’owlli. Some two years later, liowcver, he was cn- 
ahh'd to carry out a number of (experiments which 
ri'ally ])laced tlie suliject on a linn scientific liasis. 
The essentialiiess of the ash constituents was only, 
howovor, placed beyond all doubt by AViegmann and 
I’olstorlTs researclu^s, carried out in 1840. 

hefin’ence ITas already beam made to the great stiniu- 
his giyen to research by the promulgation of Lielag’s 
niimaal tla^ory. 

Methods of Research. 

In epitomising the vast amount of work carried on 
"^ince 1840, with the view of ascertaining the essential- 
Hcss of tlie various substances found in the ash of 
plants, two methods of experimentation have been 
i"l lowed. 
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Artifiria] 

The (irsL of two iiK'lliods w:is llial, a(lo])to(l in 

tlie famous ex])(u-imcnts, carried out by TriiKUi Salm- 
T[orsluiar, wlii(‘li liave done so luiioli to furtluu* our 
kiiowb'dyc! on tliis (pK'stiou. It consisted in '^TowiuLj 
])laiits on an ariilicial soil — formed out of suL;ar- 
cbarcoal, ])ulverised quail z or ])uri(i(‘d sand — to wldidi 
\v(T(i add('.(l tlie ditlcreut food coustitmmts. 

Wnh'i'-ciilhiyc. 

Wliilc llie results oblaiiuid by Priuc(' Snlm-llorst- 
iiiar ])y tins nu'lliod wcu'c of a most valuable naturi'. 
subsequent ('xperiimmters liave abandoned his method 
for the otlu'r method — viz., “ water-eultune” Tlu* 
medium usimI in this proci'ss is ]uire water; and it 
is from ('xpi'rinnmts cariacHl out in Wiitin’-cullun^ that 
much of our present kiiowledL;!', in reyard to tln^ rela- 
tion of th(‘, ash constitiumts to tlu^ ])lant, is due. 

Th(‘ names of those who hav('. worked in this d(^- 
])artui(mt are very numerous. Amony them may he 
meutioiu'd Knop, Sachs, Stohmann, Nohbi', Ilautenbeiy, 
Kiihn, Jmeanus, W. Wolff, llamp(‘., Tleyer, E. AVolff, 
1\ Wayner, Ilretschneidm’ and Lehmann. The result^ 
obtained by these and other expm’imenters have de- 
monstrated the followiny facts. 

The suVistances which have heen found in the asli 
of plants an; : jiofasJt, mda, limr, 'ntafjncsia, oxide oj 
iron, oxide of oi(mfjaneye,i)hoKphorir aeid, mdp/nirie aeid, 
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si! Ira, rarhiniic (irld, rjilorinr, li/hia, rulldui , (dumwa , 
(d'rnjipir, hrouiiiir, iodin(\‘^m\ occusionally ovoii 
(ilhcr siilisiaiiccs. 01“ iliosa, liowtivi'r, only six an; 
proliiilily alisolutcly iicc(>ssary for jdaiilH^rowlli— viz., 
IKijtisli, llnir, iti((ifiiesi((, o.i-idr of iron, ])hosi>Jion(‘ acid, 
ami sidfmrir ncld. Tliroi' oUht substances scorn also 
to lie almost invariably }ires(‘nt, and may ])ossibly be 
i,^^,.iitlal — ill \mvy ininnt(^ (quantities at any rale — viz., 
rldnriio', soda, and silica. Wilb rei^'ard to ahunina 
aiat modi' of I'oppcr, tlu'se. constituents must lie i(*i^aided 
as aeeidt'utid ; while iodine and hroniriie. only occur in 
the asli of marim^ jilants. 


Method of Ahsorpt ion (f Jianf-fooil. 

A (lejiartnumt of v(‘e;etablc qibysiolouy wbiidi has 
liad imieli work diA’otcd to it is the. nuithod in wbic.b 
ibiiil -roots absorl) their food. Tb(‘, qilants nourish- 
laeiit is absorbed in solution l>y means of the roots. 
Its absorqdiou tak(!s pku'e, according to biseber and 
1 >nlro(‘lict, who liave iiivestigated the suliject at great 
li'iiglh, liy the qirocess known as endosinosis. It has also 
been ('st abli.slu'd by nunn'roiis experiments, that dilfer- 
ciit ])lanls iTMpiinj dithu'ent coiistitnents in diire.rent 
pi'o|)orlions. 

llMitcr as a Carrier (f riant-food. 

Tlic function qierformed by water, as the carric^r 
plant-food, and the motion of the sap of the qihint, 
questions which have also received inuc-h atteu- 
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tion. The motion of tlio plant’s sap soems to have 
attrav.ted a ji;'rcat deal of attention at a very early 
stayre of tlu; study of plant pliysiology. As far back 
as 1070, MaiTiotte studied it, Amon^- otlier old ex- 
perinient(*rs were Hales, (luettard, S('n(d)ier, Saiiii- 
Martin, do (kindolle, and Miguel. In more rceoiit 
times, it lias been investigated by Sclilibloi’, Lawi's 
and Gilbert, Kno]), Sachs, Unger, and Ilosiius. Soiiif 
idi'a of the enormous amount of water transpiri'd by 
plant-leav(',s may he gained liy the statcmmit that 
from 2.‘)d lb. to 912 11). of water are transpired fur 
every j)ound of plant-tissue formed.^ 

A\[)}'ovomj/. 

Wlien we come to deal with questions relating to 
tbe cliemistry of the soil, we lind that so much 
investigation has been devoted to this one branch of 
agricultural chemistry as to constitute it a special 
branch by itself — known in France under the nanio 
of agronomic — and being taught in the large agricul- 
tural colleges by special prohxssors of the subject. 
The value of studying the properties of soils was 
recognised at an early period. This study was for 
long largely confined to their 'pliymml, or, what are 
popularly known as their mcrhanical properties. Thus 

1 According,' to the exporiinont.s of ndlriegol and Wollny. The 
rpiantity, it may be added, varies with tho leaf-surface and the length 
of the period of growth of the plant. It is greatest with clovers and 
grasses, and least in the potatoes and roobs. 
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l^ir Hniniihry Davy asceiinined iiiaiiy important facts 
|\\itli regard to the lieat and water absorlmyu; and 
^ctaiiiiny ])r(’)p('rties of soils. 

i 

; Ji el nit ion hy Saif of PI nut food. 

j ll was not till a later period that the ])Owcr soils 
possess of lixing from their watery solutions various 
plant-foods, ])otli oroanie and iiioipanie, was discover'd. 
Tlio earliest leeoouition of this most important ])ro- 
jierly of soils was made hy (laz/eri, wlio, in 18 10, called 
attention to tlic fact that the dark Iluid portion of 
fai'inyard maiiun' was purifu'd on passing through 
clay. He concluded that soils, more especially clayey 
poils, ])ossessGd the ju’opci ty of lacing able, to lix from 
tlioir watery solutions the necessary phint-food con- 
f^tiineiits, and fix them beyond risk of loss, only 
a Hording a gradual supply to tlie plant as required. 

I Idle llrst experiments carried out on this subject 
Avere those by Iluxtalde and Thompson in 1850. 
JHe Ii(|uid ])ortion of farmyard manure was hltcred 
tlirough soil and subsefpiently examined, when it 
'^as found to have not oidy lost its colour, but also 
t'> hav(', lost its smell. Ammonia and ammonia salts 
'H'l’c also experimented with, and it was found that 
'''"its |)ossosscd the power of fixing ammonia. 

do llnniias Way, however, we are indebted for 
Ihe nio^j- valuable contribution on this important 
made by any one single investigator. His 
^ ivninentswerc not merely carried out with regard 
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to ainiiioilin, ])ut also witli rcgani to other bases — 
siieli as potiisli, liiiu', iiiag’iiesia, soda, \a?.. Since 
Way’s experiments iniK'Ii work lias l)een done by 
Lie])ip\ Slolinnmn, Ibrnnebei'^;', and Ileidcn, as also 
by Voel(‘k(‘r, Ihehorn, Ivnoj), liantcnberg, Pochwiss- 
new, \VarinL;'ton, Peyer, Jln'tsc'hneidcr, Sestini, Las- 
kowsky, Striibl, Pillidtz, Peters, W. Wolff, Lehmann, 
and Piedermann. 

and AcdU fixed hij Soil. 

from these experiimmts it may be taken as proved 
beyond donl»t that soils laive. the power of lixing, 
to a g'reat(!r or less ('xtent, the following’ bases: 
ammonia, ])otash, lime, magnesia and soda; as well 
as the two acids, phosphoric and silicic. The order 
in whi(‘h the dilferent bases are fixed is an important 
point. It wonld seem that the soil has a greater 
ailinity for the more valuable maiiurial substances, 
such as ammonia., potash, and lime, and that these 
suhstances are first fix(ul. That in fixing any one 
of the above-mentioned bases from its solution, it 
can oidy do so at the exjKuise of another base. Thus, 
in fixing potash, either lime, magnesia, or soda must 
be given u}). Pnrther, when a base in solution, as 
S]d])hate or chloride, is alisorbed by a soil, the base is 
alone fixed, while the snl[)huric acid or chlorine is left 
in solution. Lastly, the amount of base absorbed by 
a soil depends on the concentration of its solution, on 
the nature of its combination, and the temperature. 
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\\5iy foniul in liis cxporimeiits tliat a clay soil lias 
iiioro power than a. peaty soil, and that a peaty soil 
]i;is more powi'v than a sandy soil. 

da It Si'S of fJi.U Find I OH. 

So imich for the fact of soil ahsor[)tion ; ns to the 
emisc or causes of this absorption, a j^reat iniinber 
of theories have been pnt forward. Those may he 
divided into two classes — those acconntino' for it 
as due to pliysical properties of the soil; and those, 
on the other hand, ex])lainin<f it as due to chemical 
at'tion. 

To the lattiu’ class Way’s helonged. lie explained 
if as due to the formation in the soil of hydrated 
double silicates, consistin'^ of a silicate of alumina, 
along with a silicate of the base fixed. Ilriistlein 
and Tetcr.s, on the other liand, were of the ojiinion 
tiiat it was purely physical in its nature. A theory 
has been advanced that it is due to the formation 
of insolulile nlniatcs and hnmatcs, formed by the 
onion of ulinic and humic acids, along with the 
basi's fixed. Among others who devoted investiga- 
tion to this interesting question, may be mentioned 
bauteidierg and Heiden. 

tin reviewing the evidence, it seems to be pretty 
'\ell established that it really is mainly a chemical 
oot, due chiclly to the formation of double silicates, 
ood doubtless to a certain extent to the formation 
of insoluble bumates and nlmates. JTeidciTs ox- 
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pcriincnts would .seem to indicate, liowcver, that it 
is also partly ot a |)hysical nature. 

With re^^ard to tln^ ahsor])tiou of phosphoric acid, 
this has been shown to 1)C a chemical act, and depends 
on the formation of insoluble tdio.sphates of calcinrn, 
iron, aluminium, and ma.e:nesium, the percentage of 
iron e.specially determining tln.s. 

Much analytical work has been accompli.shed of 
late years with a view of ascertaining the amount 
of ash in dirferent kinds of plants, and in the did'er- 
ent ])arts of the plant. 

Action of MctnuTCH. 

The department of agricultural chemistry which 
lias been ino.st largely developed of late years is that 
connected with the ])rol)]ems of memurmg. It is, 
from a practical point of view, of most value. It is 
some considerable time since we have recognised that 
the only three ingredients it is, as a rule, expedient 
to apply as artificial manures, are nitrogen, 
acid, and iwtash. The nature, mode of action of the 
(lifTcrent compounds, and propertie.s*of these three sub- 
stances, and their comparative influence in fostering 
plant-growth, together with the economic question 
of which form is, under various circumstances, the 
most economical for the farmer to use, have together 
given rise to a large number of “field” and “pot” 
experiments. As the principles underlying this prac- 
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lice form the subject of tlie following treatise, any 
further (liscnssioii of the (question must be left to tlie 
following chapters. 

Nate . — The reader iiitereste<l in tlie liistorical devehipiueut 
ef agricultural (dieiui.strv is referred to Sir ,). II. Oilheii’s 
lTc,si(h*iitial Address to the Chemical Section of the Oritisli 
Association, 1880. 




PART II. 


PEIKCIPLES OF MANURING 




CHAPTER I. 


FEUTILITV OF THE SOIL. 


It is necessary to clearly uiulcrstand to what the 
fertility of a soil is due ere we can hope to master 
the theory of niannring. 

What conditules FcriilUn in d Fnl. 

The ([uestion, What constitutes fertility in a soil ? 
is by no means an easy one to answer. If we say, 
The presence of a plentiful supply of the constitu- 
ents which form the plant’s food, our answer will 
be incomplete. Similarly, if we reply, A certain 
physical condition of the soil — here, again, it will be^ 
found ccpially unsatisfactory; for fertility of a soil* 
depends both on its physical condition and on its 
chemical composition, and indeed even on other cir- 
cumstances. It may be well, then, before proceeding 
fo treat of the nature and action of the different man- 
ores, to offer a brief statement of the conditions of 
fertility so far, at any rate, as we at present know 
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Uiem. For it may be well to warn ilic reader that, 
despite tlie <>'reat amount of work carried out on this 
subject l)y expc'rimenters, we still have much to hnirii 
before we shell he in a ])osition fully and clearly to 
understand the suhji'ct of soil - fertility in all its 
hearins^'s. 

Apart altom‘.ther from tlie inllucnce exerted by 
climate, latitude, altitude, and exposure, the fertility 
of a soil may h(‘ said to de])(md on the following ])rop- 
erties. These we may dividi' into three grou])s or 
classes : — 

1. riiysical or mechanical. 

' 2 . (■heniicah 
d. iliological. 


I. Physical Properties of a Soil.^ — ^The pliysical pro])- 
eriies of a soil are generally admitted to have a very 
important hearing on its fertility. This has been long 
practically recognised, and ])erhaps has in the past 
been unduly exalted in importance, at the expense of 
the no less important functions of the chemical.^ The 
reason of this is doubtless to lui ascribed to the fact 

* Tlii.s statement perlinjis needs quuliliciition. AVhile the import- 
ant rClc jdayed by Iho physical qualities of the .soil were in the early 
years of the seienec-rccogniscd, of more recent years the chemical 
composition of the soil has been en*;a<^ing almost exclusive investiga- 
tion. Physical properties of the soil have recently acquired a further 
importance in the eyes of the agricultural chemist, from the important 
iiiHuencc they exert on what we have here called the biological prop- 
erties of a soil— vi/., the development of those fermentative processes 
whereby plant-food is prepared to a large extent. 
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tliiiL it is miicli easier to study tlie physical properties 
of a soil tliaii it is to study tlie chemical ; and that, 
while we are in ])ossession of a very large amount of 
useful information with regard to the former, we are 
at ])resent only on tlu; threshold of our knowledge of 
llie latter. 

/ "(trlrljj of Soils. 

It is a matter of common ol)servation that soils 
dilter widely in tlieir mechanical nature. The early 
recognition <.)f this fact is evi<Ienced by the large 
number of technicid terms wliich bave been long 
ill vogue among farmers descriptive of tJiese dihcr- 
eiices. TIius soils are in tbe babit of being described 
as “ heavy,” “ light,” “ stilt,” “ strong,” “ warm,” “ cold,” 
“wet,” “damp,” '‘peaty,” “clayey,” “sandy,” “loamy,” 

Ahsorplii'c roircrfor Water , 

tine of the most important of the physical proji- 
ertics of a soil is its power to absorb water. 

Water to the plant economy is just as important 
and necessary as it is to the animal economy. Con- 
‘'5C(|ueutly it is of primary importance to examine into 
file conditions which regulate the absorption of this 
iniportant plant-food by the soil. 

by the absorptive power of a soil is meant its capac- 
it}’ for drinking in any water with which its particles 
^auy come in contact. This power depends, first, on 
file predominance of its proximate constituents — viz., 
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s((ii(I, rl(ii/,(:((rhon(((c o/linir, [uid hviii its ; and secondly, 
on tlie jiiieness of llie soil-])ai’ticle.s. 


Almi'plirc ]\nrn‘ o/AatuJ, Jfii,vii/s. 

First, tlicii, witli rcii;ard to the ahsorptive ])ower of 
sand, (day, and hnnins. Of tlu'se, sand possesses this 
power to tlui least (‘.xtent, clay to a greater extent, 
wliile hiumis possesses it most of alL^ 

The extent, thmad’ore, of the a.l)Sor])tive power of a 
soil dep(mds ver}’ iniieh on tlie proportions in wlrieh it 
possesses thes(‘ three ingreditmts. Tlie more sandy a 
soil is, the less will its ])owei‘ h(‘ of absorbing water; 
and this, there is little douht, is one of tlie reasons 
wliy a sandy soil is, as a rule, an unfertile soil. Of 
course there are other and even more important rea- 
sons; but that this absorptive power has an imjiort- 
ant bearing on the cpiestion is conclnsiv(dy provi^d by 
the fact that sandy soils are more fertile in a climate 
where rain is fre([uent than in one where iniicdi dry 
weather prevails. The incapacity of a sandy soil to 
absorb a large (|nantity of moisture is not fraught 
with such evil el'lects to the crops in -the former case, 
because it is coimteracted by the climatic conditions, 
which obviate tin' necessity, in a soil, of possessing 
gri'at alisorptive iiowers. 

1 A good ('xaiii|)le of the absorptive capacity of a soil containing 
large <iuaiitity of vegetable matter is furnisbed by peat-bogs, whieli, 
spoiige-liko, can absorb eiiormons riuaiititics of water. (See Appen- 
dix, Note I,, p. 98.) 
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TJio converse, ot* course, we may meiiLioii in passiiijj,', 
liolds good of clayey soils. 

FinencHH of Soil-pdrt ic/rfi. 

Tlu! second quality in a soil on wliicli its a.l)sor])tiv(‘ 
|)()W(n’ de.])ends is the iineness of its particles. Tlu' 
;;ivat henetit which a soil derives from a good tilth, 
ill this resp(H‘t, was one of the reasons why Tull’s 
system of horse-hoeing husbandry was so successful 
in its results.'^ The timu- the soil-pa.rticl(‘s, it may h(^ 
said generally, the greater is Ihe absorptive power of 
the soil. 

J/iniit to Finnicss. 

Tli('r(‘ is, however, a, limit to the finemess to which 
the particles of a soil ought to he I'cduced; for it has 
lieen found by experiment that when a certain degree 
cf fineness is remdicd, the absorptive power decreases 
with any further ])ulverisation. A (ilerman experi- 
menter found, for example, that a garden loam, cap- 
able of absorbing 114 per cent of water in its natural 
state, when pulverised very fine was able to absorb 
‘ady 62 per cent of water. Here, clearly, the limit 

‘ -Ictliro Tull, ail early well-known agrieultiirul writer, wlio lived 
•iliout the middle of last century, |)ropoundcd the theory, that as the 
t>od of plants consisted of the minute earthy particle.s of the soil, 
‘''I that was rerpiired by the .skilful farmer was to sec that his soil 
'' o properly tilled. He accordingly published a work entitled 
‘ Il'irsc-hoeing Husbandry,’ in which he advocated a system of 
diorongh tillage. (See Hi.storical Introduction, p. 10.) 
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to vvliicli it is ii(lvisjil)le to jmlvoriso a soil liad been 
exceeded. 

Jlca^on of the a I tore. 

Tt is not diOicnlt to see wliy tliis slionld lie so. 
The iiinoiint of wafer that a soil (!an soak up is diu' 
to tlie nninher of ])or('s, or air-spae(‘s, it contains of 
a curtain size. If tln.'se poi’(‘s an^ large and few in 
nuiuher, tli(‘ amount of watcu’ al)sorhod will h(‘ nat- 
urally k'ss than when they are nunn'rous and sinalh'.r 
in size. I'p to a. certain extent, the more a soil is 
broken the gn^ater will ho the nund)er of ])ores 
created, of a size to jxa'init tln^ water to soak in. 
Ik'.yond that ])oint tlu* ])ores heconu' loo minute, and 
the soil h('co!ues too coni]>act, each ]»articl(' clinging 
together too elo.siily. 

lleteniive rower of Soiln for ir^(/fer. 

Xow closely (‘onnected with this absorptive power 
of soils, which we have just h(uui considering, is tla^. 
power soils possess of liolding or retaining the water 
they ahsorh. This power, it will he seen at a glanc(', 
must have an important healing on the fertility of a 
soil. 

I m/portemcc of Ikkntke I'oirer. 

As a considerable interval often elapses between 
the periods of rainfall, soils, if they are to supjiort 
vegetable growth, must he able to store up th(‘ir 
water-supply against periods of drought. This 
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iill tho nioro necessary when we remcnibcr tliat,, in 
the case of heavy crops, tlie rainfall would often be 
iiiaderpiate to sn])])ly the water necessary for tlieir 
i^rowtli. In fact, it lias lieen estiniatial tliat the 
av('rag(' evaporation from soils l»are of any cultiva- 
tion is ecpial to the rainfall. That the evaporation 
fj'om soils covered with vi'^etation is very mneh 
^rcat(!r, has been strikiiu^ly shown by a calculation 
made by tbe late eniimmt American botanist, Tro- 
h'ssor iVsa dray, who calculated tlmt a certain elm- 
Iri'c offered a leaf-surface, from which a(‘tiv(‘ trans- 
piration constiintly went on, of some live acres in 
extent; while it has further bemi calculati'd that 
a certain oak-tree, within a period of six months, 
transpired duriipu' the daytime ei^ht and a half times 
more water than fell as rain on an area (Mpial in 
circumference to the tree-top.^ fJust as the state 
of the lineness of the soil - particles has an im- 
portant influence on the alisorptive power of soils, so, 
it is found, it has an important bearing on the 
late at which evaporation takes place. Evaporation 
tt'oes on to the greatest extent in soils whose particles 
an* compacted together, catiillary action in this case 
faking place more freely, and effecting evaporation 
from a greater depth of soil. The stirring of the 
^’Urface portion of the soil, as for example by hoeing 
harrowing, has for this reason an important influ- 
*'^^ce in lessening the amount of evaporation, and 
’ Seo Introduction, \\ 55. 
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miiiiinisiiig tlie risks of droiiglit, by breaking ilie 
capillary attraction. The amount of evaporation 
which takes place from a soil covered with a crop, 
depends largely on the nature of the crop; a deep- 
rooted crop, since it draws its moisture from a wider 
area of soil, being more cn'cetive in drying a soil 
than a shallow-rooted crop. Tlie difference in the 
amounts evaporated from a cropped and a bare fallow 
soil has been shown at liothamsted to ccjual a rainfall 
of nine inches, tlie cro]) being barley. The increase, of 
course, is due to the water which the cro]) transpires.^ 

It may be generally said that the greater the ab- 
sorptive })Ower of a soil, the greater is its retentive 
power; for soils that most largely ab.sorb water are 
tlui most reluctant to part with it. 

While these ])roi)erties are undoubtedly necessaiy 
for fertile soils, it is needless to add that they ina}’ 
be possessed by a soil to too great an extent. The 
soil tliat is unable to throw off any excess of water 
becomes cold and damp, and does not admit of proper 
tillage. Its pores become entirely choked up, and 
the circulation of air, which, as we shall see, is of 
so much importance, is rendered impossible. Plants 
in such a soil arc apt to sicken and die, the water 
becomes stagnant, and certain chemical actions are 
caused which give rise to j)oisonous gases, such as 
sulphuretted hydrogen, &c. A stiff clayey soil offers 
a good example of the disadvantage of over-retentive- 
^ See Introdnelory Chapter, j). .05. 
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ness. Owing to the diOlculty siicli .soils experience in 
ilirowing off tlieir excessive water, tlicy are extremely 
(lidiciilt to till; and .sowing operations are on that ac- 
count apt to be delayed. 


Poircr JPrnts have of (flmrhinff Wafer from a hfoil. 

It is a strange fact, and one worth noticing in this 
connection, Unit tlie power plant-roots have of draw- 
ing tlieir moisture from a .soil, seems to depend on 
tlie retentive power of the soil. Ily this is meant 
that plants liave not the means of exhausting the 
water in a retentive soil to such an extent as in a 
ii'ni-retentive soil. 

In some extreiindy intere.sting experiments, carried 
'>nt hy the well-known German botanist Sachs, it was 
f'>mid tliat plants wilted in a loamy soil, wliosc water- 
holding capacity was 52 per cent, vdieii its inoisture 
Penciled 8 per cent; while in a .sandy soil — water- 
holding capacity 21 per cent — the same species of 
plant did not wilt until its moisture reached 1^- per 
cent. Here, then, we see that on one kind of soil 
ihe plant was able to live, and obtain sufficient 
Water for its needs, while it died of thirst in an- 
other soil, although that soil contained quite as 
ciiucli moisture. 

speaking generally, we may say that Hellrieger.s 
' ''perimcnts have shown that any soil can supply 
•'hints with all the water they need so long as its 
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moisture is not reduced below oue-lbird of the wliolo 
auiouut it cnii lioldd 

][o}n fo iHcirtfxr . thsorp/ ire I'ourr of Soils. 

'riu! absence or ]ir('sencc, in excess, of the abov(‘ 
])ro|)crli('s, su<4L;esis a. word or two on liow tlies(‘ 
natural deiVets niay, to a certain extent, be remedied 
artilicially. It stands to reason, that if organic mat- 
l('r in a soil iH'iulers its al)sor[)tive ])ower greater, a 
simple nadliod of improving a soil debictive in this 
])rop(n’ty is by the addition of organic’, matter. One 
of tlie Itenefits of ])longidng-in gn'cn crops on sandy 
soils is nmbtnbtcdly due to this fact; tlie additicni of 
fai’iiiyard manure luiving also a similar ('iTc'ct. The 
alisence of a. snflicimd; amount of rcTcntiveness, such 
as is found in sandy .soils, in tlie same way suggc'sts, 
as a reineily, the addition of (da,y; and, vice rrrsf 
where the soil is too ehiyc'y, the natural method of 
im])rov('inent will be the addition of sand.'’ 

Shrinlvfjc of Soils. 

In drying, soils shrink. Those which shrink least 
are sandy and chalky soils. Ilninns soils, on the otlu’r 
hand, shrink most. 

^ It is not exfictly known why excess of water should prevent norinid 
growth in the plant. Probably it is on account of the fact that free 
access of oxygen is hindered in such a case. The roots are thus not 
freely enough exposed to this necessary gas, and fermentative pro- 
cesses of the nature of nitrification are not promoted. It may be also 
due to the fact that the solution of plant-food is too dilute when svieli 
excess of water prevails. - See Appendix, Note II., p« 
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Mod fimynrtthJc Aniovni of Wolrr in a Soil. 

The aiiioimt of water in a soil most favoiirablo 
for plant-nrowtli is a ([iiestion of ooiisideralili' difli- 
• iilty. Too i^Toat an amount of moisture rcndm’s 
till', land cold; air cannot ol)tain access to tlie soil- 
particles^ and the plants sicken and die. irellri(\i;(‘l 
lias found that as mnch as 80 per cent of wliat the 
soil can hold is hurtful to ])lants, and that from 50 to 
tiO per cent is the host amount.^ 

. Jff/ifroxi'opir Soif'rr. 

A ])ro])(n’ty ])ossessed by soils in relation to water, 
wliicli is ([uib'- distinct from al)Sor|»tiv(‘ power, is tlunr 
liyyn’oscopic power, lly this is meaid. theii' ])owcr of 
absorhinn' water from the air wliere it is jn’csent in 
till' ,i^ascous form. This propeiiy is identical with 
the property wliich will he adverted to immediately 
—viz., Ci'ipacity for absorbing gases. Tlu^ extent to 

' Some experimonts by tb Wollny show this. JIo fouiul, wlien ex- 
l'<^a'imenting with suimmr rape, tliat tlio best rc.sults were obtained 
'vlieii tlie soil contained only 40 per cent of its total water-holding 
power ; when the amount was either lessened or increased the results 
obtained fell olf. The etfcct of either too little or too much water is 
in the development of the different organs of the plant as well as 
oil its period of growth, much water seeming to retard the growth, 
bbe (juality of the plant seems also to be inlluenced by this condition, 
bxperiments on cereal grains by Wollny show that not merely is the 
bMnre of the grain inlluenced, but that much moisture lessens the 
pcrreiitage of nitrogen. Wollny is of the opinion that for crops 
"‘lo rally, the best amount is from 40 to 75 per cent of the total 
''■'^tcr-holding capacity of the soil. 



FEUTIT.ITY OF THE SOIL. 


7 G 

wliicli soils ])OSsoss tin’s hygroscopic property seciiis 
to be reguhited very imich Ijy the same conditions 
as regnlate their ordinary Jihsorptive powcr.^ This 
pr()])erty is (‘onsidered to he of gi'cat importance in 
Idle cas(‘ of soils in hot climatvs, wh('re their agricul- 
tural valium may l)e said to depend to a large extejif 
upon it. Tlie amount of \vat(T, ho\v(^ver, absorbed 
in this vay is, comparatively sj)eaking, insignificanl. 
Lastly, it may be oltsei'ved that there are certain 
methods of drying soils alliicted with too much mois- 
tun^. These consist in making open ditdies, and thus 
Velicving them of their su]»era,bundanc(^ (_t 1‘ water, or in 
planting certain kinds of trees, such as willows and 
])Opkirs. TIk! amount of green surface ])resented by 
the large number of leav(\s of trees, from which the 
constant ('vaporation of watei“ goes on, is very great. 
Tlui cons(M|uence is that tre(‘s may be regarded as 
t)umping-engines. It is from this cause that foresters 
have noticed that clay lands are apt to become wettin' 
after the trees growing upon tliem have been cut 
down.- 

(UtpacUy for Krai vn 

A i)roperty which depends largely on tliose we 
have just been considering is the capacity soils possess 
of absorbing and retaining hcat.'^ The temperature of 

^ vSee Appeiulix, Nolo III., p. 99. - Soe p. 0i'>- 

•* The ell'oct of tlie temperature of the soil on the flevelopnicnt of 
tlie plant is most important. Thi.s is especially marked .at the jicriotl 
of germination, but is felt at subsequent periods of growth. Up to 
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a soil, of oonvsc'., largely depends on the tenip('ratiire 
(if tlie air; but this, we nmst not forget, depends also 
oil the soil itself. The heat given fortli by the sun s 
rays strikes the soil, with the result that, while so 
iiiueh of its lieat is absorbed, a certain portion — iind 
this will vary according to tlie nature of the soil — of 
its luaat is radiated into tlie air. 

The cliaiiges in the temperature of the soil naturally 
lake place more slowly tlian the changes in the tem- 
perature of the air; the depth of soil thus allected by 
those changes varies also in different climes. It has 
heeii calculated that in temperate climes the (diaiiges 
of temperature oc'curring from day to night are not 
felt much lielow three feet down. 

The ErplaneUloii of Deiv. 

We have, it may he stated, generally two processes 
,^oiiig on. During the day the soil is engaged in ab- 
•'^oi’liing its heat from tlie sun’s rays ; when night 
'"lues, and tlie sun goes below the horizon, the air 
is chilled below the temperature of the soil, which 
nidiates out its stored-up heat into the air. The 
Result is that the temperature of the soil is soon 
mduced below the temperature of the air, and the 
^ooisture, present in the air in the form of va])our, 
'"’•hug in contact with the cold surface of the earth, 

" temperature the warmer the soil the more rapid the plant s 
d'Vi lopiuent. In tliis country the temperature rao.st favourable to 
.')^y\vth is rarely exceeded, or indeed reached. 
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is condensed into dew, which is deposited, and is seen 
best early in the morning before the sun has had time 
to evaporate it again. J)ew is most abundant in 
summer-time, for tlic reason that the difference in 
tempei'ature of the day and night is then greatesi. 
In winter- time it is seen as lioai-frosl. 


llrat i)f Soils. 

Tlie teni])eratur(‘ of a soil, liowever, is due to other 
sources than the sun’s rays. Whenever vegetable 
matt(U’ decays, tlmrc is always a certain amount of 
heat generated. Soils, therefore, in which there is 
a large amount of de(aiying vegetable matter, are 
certain to receive more heat from this source than 
soils of more juirely mineral nature. 

Jfrat in Farrnijard Manure. 

A good exam[)le of the amount of heat that acconi- 
panies fermentation, or decay of vegetable matter, is 
seen in the case of rotting farmyard manure. The 
danger of loss of the volatile ammonia from this 
cause is often great, and care must be taken to pre- 
vent fermentation going on too quickly, and the 
temperature from becoming too high.i The actual 
increase in the temperature of a soil elTceted by the 
addition of certain bulky organic manures, such iis 


^ Sec Chapter on Faruiyard Manure. 
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i'liriiiyard manure, may thus be consideralde. in 
some experiments carried out at Tokio, Japan, it was 
found that tlie a])plication of 20 tons of farmyard 
manure per acre increased the temperature of the 
soil to a depth of five inches, for a period of nearly a 
month, on an average, one and a half degrees Fahren- 
lieit. The amount of water prtisent in a soil, it may 
!)e. noticed in passing, will have a considerable effect 
ill regulating its temperaturi', a damp soil licing, as 
a rule, a cold soil. 


Tin: (jtdsc oj the Jfiat of Fcriiiciildtioii. 

It may be asked, How is the decay, or fermentation, 
of vegetable matter, such ns farmyard manure, caustul ? 
or rather. To what is it due ? Decay of any substance 
is just its slow combustion or burning. When a suh- 
stance unites with the active clumiical element in air 
■^tlie oxygen gas — it is said to be oxidised. Now, this 
union of a substance with oxygen is the explanation of 
luirning, and the phenomena of huiming and decay are 
explained hy the same chemical operation. When 
^Jodies decay, or when they burn, they unite with oxy- 
gen : when this union of a body and oxygen takes place 
Very (puckly, and tin; result is a flame and very great 
^‘eat, then we call it burning ; when, however, it takes 
place slowly, it is not called burning, but simply oxi- 
dation or decay. The ultimate products are the same, 
lejwever, whether the body burns or decays ; and the 
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process of decay is always accompanied by lieat, as 
well as the process of burning.^ It is not, of course, 
only tlie vegetable or organic matter in a soil that de- 
cays, but also the mineral matter. The oxidation, how- 
ever, of th(3 mineral matter in the soil takes place 
so slowly, and the amount of heat generated by this 
oxidation is so slight, that the temperature of the soil 
can scarcely be said to be much alTected by it. 

Jiijhumce of Colour of a Soil, 

There is still another (piality of a soil on which its 
temperature dej)ends, and that is its colour. This may 
seem at brst sight to be scarcely worth taking into ac- 
count, and yet it has been shown to have a very striking 
inlluenco on the temperature of a soil. This naturally 
is best seen in climates where there is a good deal of 
sun. Dark-coloured soils have a greater heat-absorbing 
capacity than light-coloured soils ; and experiments 
carried out for the purpos(i of determining the extent 
of this intluence have shown that under certain con- 
ditions the diherence between a soil covered with a 
black substance, and one covered with a white sub- 
stance, amounted to from IT to IT Fahr. Other 
things being c(pial, a crop on a dark-coloured soil will 
be sooner ripened than one on a light-coloured soil. A 
soil covered by a crop is cooler than one without any 
crop. 

* As will be seen further on, the ferincntation of organic substance!^ 
is caused by the action of niicro-orgaiiic life. 
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The rower Soils have for ahsorhimj Gases. 

We have just seem that one cause of the heat of soils 
is the oxidation whicli is constantly going on in all soils, 
but inoHi ra[)idly in soils containing a large quantity of 
vegetable matter. This suggests a word or two on the 
power soils have of ahsorhing gases. 

The chief gases in the atmosphere are oxygen and 
nilrogeii. lloth theses gases are absorbed by soils, 
although not in similar proportions.’’ With regard to 
the former, it is well known that a plentiful supply of 
oxygen in the pores of the soil is a necessary condition 
of fertility. This was long ago experimentally proved 
by do Saussure, who sliowed that plants absorbed 
oxygen through their roots. At certain periods of 
their growth this demand for oxygen on the part of 
tile plant is greater than at other times. For example, 
seeds in the process of germination require to have 
free access to a plentiful supply of oxygen. This fact 
^iuiphasises the enormous importance of providing a 
good seed-bed, and of seeing that the seed is not buried 
too deeply. 

Carhonic Acid ajul Ammonia, 

In addition to oxygen and nitrogen, the air con- 
tains other gases which arc absorbed by the soil. Of 
these, carbonic acid is the most abundant. By far 
the largest portion of the carbonic acid which the 
^ See Appendix, Note IV., p. 100. 

F 
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soil obtains from the air, is washed down in solu- 
tion in tlie mill} Of tlic other constituents of the 
atmosphere, the combined forms of nitrogen — viz., 
mnMonici, 'idlrir-, and nitrous acids — are the most im- 
portant. These are all absorbed by the soil, but, like 
carbonic acid, tliey are cliielly washed down by the 
rain. The amount of ammonia which may be ab- 
sorljcd by a soil from the air, is very much greater 
than was formerly supposed. Some recent experiments 
by Schloesing, referriMl to in a following chapter,^ show 
this. A damp soil may in tlie course of a year absorb 
far more ammonia than that washed down in rain. 

(las-alsorhiiKj rower of Soils varies. 

The power of dillerent soils to absorb these gases 
varies. This variation depends not only on their phys- 
ical properties, but also on their chemical as well. 
Soils containing mucli organic matter have a greater 
capacity for absorbing gases than the more purely 
mineral ones. 

Absorption if Kit rofjm. 

The ab.sorption of nitrogen by tlie soil is a (luestion 
of consideniblo importance. It will be referred to 
later on under the lieading of tbe biological prop- 

^ or course it imi.st bo remoniberod that a largo amount of carbonic 
acid in soils comes from the decay of vegetable matter. Soils are 
twenty to one hundred times richer in carbonic acid than the air. 

See Chapter III., p. 119. 
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Cities of soils, as it is fixed by tlio agency of micro- 
organisms.^ 

To recapitulate, the chief physical or nuiclianical 
properties of a soil are its Jibsorptivc and retentive 
powers for water ; its capacity for heat ; and its power 
of absorbing gases. It will be easily seen liow tillage 
operations are calculated to iniluence these physical 
properties of a soil. Thus, in the case of a stilT soil, 
tillage increases its power for absorbing the atmos- 
pheric gases, chielly oxygen, which are so necessary 
for rendering its fertilising matters available. On the 
other hand, in a liglit and too open soil it may exert 
(piite a contrary effect. 

It may be also well to refer licre to tlie important 
iniluence tliese jjhysical ])rupertics exercise on tlic 
growth of the plant. 

Plant-roots require a certain Openness in the Soil, 

One of the functions of the soil is to support the 
plant in an upright position, and tliis is a function 
wliicli requires in the soil a certain amount of com- 
pactness or firmness. On the other hand, however, a 
soil must not possess too great compactness, otherwise 
die plant-roots will experience a difficulty in pushing 
their way downwards. This is especially tlie case 
during the earlier periods of growth, when the plant- 
I’oots are as yet extremely tender, and experience great 
difliculty in overcoming much resistance. The import- 
^ See Introduction, i>. 40. 
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jincc of ]ncpariiig a mellow schmI-IxmI will be thus at 
once seen to be based on soniul seienfitic principles ; 
and this for a doidjle reason. Not only docs the young 
plant recpiire every facility for dev(do})iiig its roots, 
but also, as lias just been pointed out, an abundant 
supply of oxygen is of paramount importance during 
the process of germination. 

Soil and riant-vools. 

T1 le whole (piestion of the iidluence of the mcebani- 
ca,l condition of the soil on the devidopment of plant- 
roots is one of the highest ini])ortancc and interest, 
and is not so generally recognised as it ought to be. 

Natural tcndrncij of Plant-rouls to yroiv downivards. 

It may be taken as certain that the tangled condi- 
tion of plant-roots is due to the resistance olfered by 
the soil-particles, and that the natural tendency of the 
plant-root is to grow downwards. The roots, in short, 
would probably grow in as symmetrical a form as 
do the stalks or branches, were it not that they are 
hindered from so doing by the soil-particles. Where, 

then, the soil is such as to oiler much hindrance, the 

■ % 

growth of the plant cannot but be retarded. Some 
extremely interesting experiments have been per- 
formed by the eminent German chemist Ilellricgel on 
the influence which the closeness of the soil-particles 
has on root-development. In these experiments peas 
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and l)caus were grown in moistened sawdust, more or 
less compactly compress(ul. It was found that when 
the sawdust was compressed to any extent, plant- 
growth took place very slowly, or entirely ceased. 

Tlic importance of having plant-roots as widely de- 
veloped in the soil jis possible, will he at once seen 
when we rcllect that tins means that the area of soil 
from which the plant d(;rivcs its soil-food is thereby 
greatly increased. Another im})ortant consideration 
is, that the <lccper plant-roots can penetrate in a soil, 
the more able — otlier conditions being equal — is tlie 
plant to withstand the action of drought, as it can draw 
water for its needs from the dcei)er layers of the soil, 
long after a plant, whose roots do not penetrate so 
deeply, has wilted. 

Plan/s nyjuirc Room. 

Another important bearing tillage lias on plant - 
growth may here be discussed. A problem of consider- 
able difficulty is presented in the question, How many 
individual plants will a certain piece of soil support in 
a healthy way? For as plants require room, it is im- 
perative that they be not too closely crowded together. 

The question resolves it^self pretty much into one of 
quality against quantity. 

Experiments on this subject have shown that a 
certain area of soil is only able to support the healthy 
growth of a certain number of plants. If the limit be 
exceeded, the result is imperfect development. 
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Nimhrr of PhnU nil crrfain Ami incrmscd Inj Tillaijc. 

It is obvious, liowcver, tliat tlie more thoroiif^^lily 
tilled a soil is, the greater will be tbe number of 
plants it will l)e possible to grow on it. The roots, 
instead of l)eing forced to spread themselves along the 
surface-soil, and thus take up a large amount of room, 
will find no difficulty in striking downwards. Two 
or three plants may thus be enabled to grow in a 
thoroughly tilled soil in the same space ns only one 
could before tillage. 

Amcfican and Enijlisli Farming. 

The above considerations throw considerable light 
on what seems to many farmers a strange anomaly 
— viz., the fact that the return of farm produce per 
acre on American farms is, as a rule, very much less 
than that from our own impoverished soils in this 
country. To many, at first sight, this seems to be 
in direct contradiction to our common belief, and to 
point to the conclusion that the virgin soils of America 
are, after all, actually inferior in fertility to the soils 
of Britain. 

It is not, however, necessary to draw this conclusion, 
as the facts of the case admit of another explanation. 
The inferior returns obtained from American farms 
are due, not to the fact that the American soil is 
less fertile than the British — for this is not true — 
but to the fact that it is less intensively cultivated. 
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In America land is cheap and labour is dear; it is 
consequently found to be more economical to cultivate 
a large tract of land less tborougbly than a small area 
more tborougbly. In Ibitain the reverse is tlie case, 
labour being clieap and land being dear. It is thus 
necessary to make the land go as far as possible, and 
produce as heavy a crop as it is possible to produce. 
There can be little doubt, tliat were American farming 
to be carried on as intensively as is llritisb farming, 
the present yield would be at least probably doubled. 

We have now to consider’tbc second class of prop- 
erties wbicli induenee the fertility of a soil. Tlies(i 
are chemical. 

11. Chemical Composition of a Soil. — Chemically con- 
sidered, the soil is a body of great complexity. It is 
made up of a great variety of substances. Tlic re- 
lations existing between these substances and the 
plant are not all of equal importance; some — and 
tliese form by far the largest proportion of the soil- 
substance— are concerned in acting simply as a 
mechanical support for the plant, and in helping to 
maintain those physical properties in the soil which, 
as we have just seen, exercise such important functions 
in the plant’s development. 

Fertilising Ingredients. 

A .small portion of the soil-substance, however, 
takes a very much more active part in promoting 
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])lant-<fr()wtli, by acting as direct food of the plant. As 
we liave already seen in the Introductory Chapter^ the 
suhstanees wliich have been found in the ash of plants 
are tlie following: polash, li/nr, oxiilc of iron, 

jihosphoric (tcid, fodphurir ocid, soda, silica, chlorine, 
oxitl(! of manganese, litliia., ruhidia, alumina, oxide of 
(;op])er, hromin(‘, and iodine. The general presence of 
sonu; of these substances is doubtful ; the presence of 
others, again, prohaldy pundy accidental ; while some 
are only found in ])lants of a special nature, as, for 
instance, iodine and hrornine, wliicli are only found 
in the asli of marine ])lants. 

Of these ash constitumds, only the lirst six sub- 
stances — those marked in italics — are ahsolut(dy nec- 
essary to plant-growth. In addition to these six ash 
constituents, the plant also derives its nitrogen, which 
is a necessary })lant-food, cliielly from the soil- 

Importance of NUrogen, Phospliorie Add, and Potanh. 

Ihit of these sevcm constituents of the soil which 
are necessary to plant-growth, some have come to he 
regarded by the agriculturist with very much greater 
interest than others. This is due to the fact that they 
are normally present in the soil in very much smaller 
(piantities than is the case with the other equally 
necessary food ingredients ; that, in short, they are 
nearly invariably present in the soil, in a readily avail- 
able form, ill lesser quantities than the plant is able to 

^ Sec Introductory Cliiipter, p. 54 . 2 pp^ 44 43r,^ 
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avail itself of, and often, as in impoverished or barren 
soils, in quantities too small for even normal growth. 
These in,L;Tedients are niiroffcn, p/iosphorir, atiiJ, and 
potdi^h. ^ 

Tlie impf)rtance of seuin^e;’ that all the neeijssary 
plant ingredients are present in a soil in propei' 
(luantities will he at onee pro})erly ('stiimiUid when it 
is stated tliat tlie al)sencc or insullhaeiicy in amount 
of one single ingredient is ea])able of priiveiiting the 
growtli of the ])lant, although (he other necessary in- 
gixidients may he ('ven ahunda’ntly pr(‘S(‘iit. 

AVith lime, magnesia, iron, and sulphiiri(.; acid, most 
soils are aliundantly supi)lied. The suhstances witli 
wliicli tlie fariiK!!' lias to concern himself, then, are ni- 
trogen, phosphates, and potash. It is these suhstances 
tlierefore, that, as a rule, are alone added as manures. 

(Jhciiiical Ciyiiditioii of b\] dilid up fiiffredients in Soil. 

Ihit in considering the chemical pi'opertics of a soil, 
a simple consideration of the quantity of the dilFerent 
ingredients present is not enough. A very important 
consideration is their chemical condition. Ere any 
plant- food can he assimilated liy the plant’s roots, it 
must first he rendered soluble. Tlie quantity of solu- 
ble, or, as it is known, avaihhle, plant-food in a soil is 
very small. It is, of course, being steadily added to 
each day by the process of disintegration constantly 
going on in soils. 


Occa.sioiially also lime. 
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Amount of Aoluhlr Fcrtilmmf fnfjrcdicnU, 

The (ixart nalure and dissolvin<( capacity of the 
soil-walcr, cliargod as it is, to a i^Tcalor or less extent, 
with (litfcrent acids iuid salts, as well as the dissolving 
power of the saj) of tlu' rootlets of tlu'. ])lant itself, 
render tlie exact estimation of the availa])lc fertilising 
constitoents wellnigh impossible. An approximate 
('stimate, however, may lie obtained by treating the 
soil with pure water and dilute acid solutions. Tlie 
treatment of tlui soil witli dilute acid solutions is for 
the ])urpos(^ of simulating, Jis lUMirly as may be done, 
the conditions it is sulimitted to in the soil, lly 
treating a soil witli watiu’, we obtain a certain amount 
of plant-food dissolved in the water. This can only 
be regarded as indicating approximately the amount 
available at that moment to the plant. Ihit every 
day, thanks to the numberless complicated reactions 
going on in the soil, this soluble plant-food is con- 
stantly being added to. Considerations such as tlie 
above, together with our ignorance as to the exact 
combinations in which the necessary minerals enter 
the plant, will serve to indicate the great difliculty of 
this part of the subjects 

Value of Chemical A nalym of Soils. 

Tt is largely for these reasons that a chemical 
analysis of a soil is from one point of view of little 
* See Appendix, Note.s V. and VI., pp. 100, 101. 
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viiluo ill i’iviiiji’ ovidoiico of its nctiinl fertility. AYliat 
it (leinonstratos more satisfactorily is its potcntinl 
fertility. Tt is useful in revealing wliat tliere is 
[iresent in it, not necessarily, however, in an availahle 
condition. Uiidcu' certain eireumstanees it may be 
made of great value, as, for example, wlum we are 
anxious to know what will be the n'sult of certain 
kinds of treatment, such as the a])plication of lime, 

i^’C. 

It is hardly advisable, tlicrefore, to ]dace before the 
reader a number of soil analyses. That lie may 
olitain an a])])roximate idea of the composition of a 
soil, one or two representative analyses will be found 
in the Appendix,^ along with a sliort account of tlie 
cliicf minerals out of which soils are formed. 

A point of considerable interest is the (piantity per 
acre diflerent soils contain of nitrogen, ])]iosphoric 
acid, and potash. Although the amount of these 
ingredients when stated in percentage seems very 
trifling, yet when calculated in Ih. per acre, it is seen 
to be in large excess of the amount removed l)y tlie 
different 'Crops. This question will be dealt witli in 
'"^ncceeding chapters 

A point of further interest is the chemical form in 
wliicli the necessary plant constituents are present 
in the soil. For information on this point the reader 
is referred to the Appendix.^ 

The third class of properties which affect the fer- 
^ Note VI., p. 101. " Note VII., p. 107. 
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lility of a soil are those whieli have been termed tlie 
Inologiml. 

III. Biological Properties of a Soil.—Tlie important 
functions wliieli modern discoveries have shown to 
he discharged by minute organic life in the terrestrial 
economy are nowhere more strikingly exemplified than 
in the imporUuit rOk they perform in the soil. 

Ikickria of iJio ^oil. 

The soil of every cultivated held is teeming with 
bacteria whose function is to aid in supplying plants 
with their ncc(‘ssary food. The nature of, and the 
fmictions performed by, these organisms differ very 
widely. Eegarding many of tliem we know very 
little; every day, however, our knowledge is being 
extended by the laborious researcbes of investigators 
in all parts of the world, and it is to be anticipated 
that ere long we shall l>c in possession of many facts 
regarding the nature and the method of the develop- 
ment of these most interesting agents in terrestrial 
economy. That they are present, however, 'in enor- 
mous numbers in all soils we have every reason to 
believe, one class of organism connected with the oxida- 
tion of carbonic acid gas being estimated to be present 
to the extent of over half a million in one gramme of 
soil ^ (Wollny and Adametz). One class — and their 

^ Even larger estimates of the number of germs in a gramme of soil 
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iiiiportancG is very groat in agriculture — ])reparc the 
food of plants 1)y decoinposiiig the organic matter 
in the soil into such simple sul)stancos as arc easily 
assimilated by the plant. The so-called “ripening” 
of various organic fertilisers is en’ected, we now 
know, entirely through the agency of l)acteria of 
this class, riant-life is unable to live; upon the 
complex nitrogenous compounds of the orgiinic matter 
of the soil, and were it not for liacteria these sub- 
stances would remain unavailable. Attention will 
be. drawn in the Chapter on Farmyard Manure to 
this question more in detail. Of thcs(; bacteria, 
among the most important Jire those which are the 
active agents in the process known as “ nitrifica- 
tion ” — i.c., the process wher(d)y organic nitrogen 
and ammonia salts arc*, converted into nitrites and 
nitrates. The presence of these organisms, it would 
appear, is indispensable to the fertility of any soil. 
There are organisms, on the other hand, which have 
the power of reversing the work of the nitrification 
l>acteria by converting nitrates into other forms of 
nitrogen. The reduction of nitrates in the soil is 
eften the source of much loss of valuable nitrogen, 
which escapes in the free state, so that the action of 
bacteria is not altogether of a beneficial nature. 

kive been made — from tliree-([imrters to one million (Koch, Fiilles, 
'Cul others). 
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Three (J/ffsser of (h'ffaimms in the Soil. 

So Inr ;is tlie siil)jcct lias boon at present studied, 
the iniero-oi’i^aiiisnis in the soil may lie divided into 
thri'e classes.^ 


First Cl((ss of Orf/anisiiis. 

AVii have, first of all, those' whose function it is to 
oxidise the soil iiij^redients. Or^uuiisins of this class 
may act in dihereiit ways. They may assimilate the 
organic matter of the soil and convert it into carbonic 
aead gas and water; or, on the other liand, tliey may 
oxidise it by giving oil* oxygen. Some of these or- 
ganisms, whosi' action is of the first kind, choose most 
remarkable materials for assimilation. One has been 
found to riMpiire ferrous carbonate for its develop- 
ment, which it oxidi.ses into the oxide (Winograd- 
sky); while another, “ tlui so-called sulpliur organism, 
converts sulphur into sulpluirettcd hydrogen accord- 
ing to some, and according to others into sulphates. 
To til is class of organism the nitrifying organisms 
belong. As will be seen more fully in a subsequent 
chapter, two distinct organisms connected with this 
process have already been isolated and studied — one 
of these ellecting the formation of nitrites from or- 

^ Tliesc tn’gaiii.sins consist of luolds, yeast, and biieteria, the Inst- 
nained being ino.st abundant. In the suiiaee-soil, among tlie bacterin, 
bacilli are most abundant. Micrococci are not abundant. 

- Investigated by Winogradsky, Olivier, Do Key railhade, and 
others. 
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gallic nitrogen or ammonia salts, and the otlier tlie 
conversion of nitrites inTo nitrates. Tlie second 
method in which these oxidising organisms act is hy 
giving oft oxygen. Tliere is miicli intin'cst aitacliing 
to this fact, as it was siipposial till quite recently 
that all evolution of ox}'gen in vegetahle ])hysiology 
was dependent on the jiresence of liglit, and also inti- 
mately connected with (;hloropliyll, or the green colour- 
ing matter of ])lants. It would seem, however, that 
among the soil organisms these conditions are not 
necessary, and the evolution of oxygiiii may he carried 
on in the case of colourless organisms as well as in 
the case of light. With organisms of this kind every 
soil is proljably teeming. A ty])ical example is the 
organism which is the active agent in the oxidation 
of carbonic acid gas, and which has already been re- 
teiTcd to as existing in tin* soil in such numbers.^ 

The Second ClasH af On/tvimiiifi in (he Hoii. 

The second class of organisms are those which 
reduce or destroy the soil constituents. The most 
iniportant of these, from the agricultural })oint of 
view, are those which eflect the liberation of nitrogen 
h’oin its compounds. In the ])utrefaction of organic 
Jiiatter the organisms chieily act, it is probable, in the 

' Orguiiism.s of this kind liavu hceii investigated among others ]iy 
derails, llueppe, and E. Wolliiy. According to tlic two lirst-men- 
tiuncd investigators, certain colourless bacteria ctlect the foriuation 
the absence of light from humus and carbonates a body resembling 
‘ts nature cellulose. 
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entire aliseiiee of jitniosplierie. oxygen ; but it would 
seem, liowever, tluit tliey m'liy jilso net in the |)resenei! 
of oxygen. It is tlirongh their agency that the soil 
may losii some of its niti’ogcm in tin*, “free” form. To 
this" class Ixdong tlui denitrifying organisms already 
rehu'red to which reduce tlie nitrates and nitrites in 
the soil.’ 


Third (lasn of ()ri/f(nlsvis. 

The third class of m’giuusms are those hy whoso 
iigency tlui soil is (mriclied. Of this class those fixing 
the free idtrogen from the air iire the most import- 
ant. The nature of these organisms is still sonicwliat 
ohscure, hut that leguminous plants have the power 
of drawing n})on this source of idtrogen is now a 
iirnily estahlislu'd fact. Further reference to these 
interesting organisms may he delayed to another 
chaphu’. 

The ini|)ortant point to h(‘, emphasised is, that for 
the healthy development of these organisms, which 
arc so necessary in every fertile soil, certain condi- 
tions must exist. These, necessary conditions will he 
treated more in detail later on. It is sullicient to 
notice that they have to do with the physical prop- 
erties as well as the chemical composition of the soil. 
This furnishes a further reason for the nece.ssity of 
having the mechanical condition of a soil satisfactory. 

‘ Investigated by »Springcr, Gayon and Diipetit, Dcheraiii, aiul 
Jlarguenne. 
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limipihdation. 

From wluiL we luive suiil, il will be seen lliat the 
([ucslinii of soil-fertilily is ;i very eoiiipliealed one, aiul 
depeiuls on nnnieron.s and varied conditions; lliat llie 
projierlies which constitute fertility, while seemingly 
very widely dinereiit in their nature, in reality iii- 
lluenee one another to a, vi!ry great extent; that not 
merely is tlie jiresenee in a soil of the necessary [ilant 
constituents lujcessaiy to fertility, hut that the ])os- 
session hy the soil of certain jthysical or mechanical 
lu’opertics is equally lUMa^ssiiry ; while, lastly, we have 
s(‘eii that the presence of ('.eriain micro-organic life 
is hound up with the ])rohhmi of fertility in a very 
direct and practical niiinner. 

The impoilunce of the conditions, other than those 
of a, purely chemical nature, have been thus far some- 
wlait prominently eiiijihasised, for tluj reason that in 
what follows attention will he almost .cx(dusively 
devoted to the purely chemical conditions of fertil- 
ity. It is well, then, to realise that, while the latUa- 
coiiditions are hy far the most important, so far as 
the farmer is practically concerned, inasmuch as tluy 
are most under his control, they are not the only con- 
ditions, and are not hy themselves able to control 
fertility. 


G 
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NOTE 1. (p. (58). 

The followiii}^ (let^'iiEinaiions by ScliUbler show the 
absorptive power of (lillcrciit kinds of soil - substances. 
These were obtaiiu'd by soaking weiglied (quantities o 
the soil ill water, and allowing the excess of liiquid to dram 
away, aiul wcigliing U.c wet eavtli. ^ 

iibsoi'lu'.a by 100 
])iir1s ol'ciuib. 

Siliceous saiul . 

(lypsum . 

(.'alcaroDUs sand 
Sandy clay 
Strong clay 
Arabic soil 
Fine calcareous earth 
(larden-earth . 

Humus 

It has hei'ii calculated that tho absorptive power of a 
iiiixture of different suhstaiiccs is not simply e(iual to tho 
sum of their seqmratc ingredients. 


25 

27 

29 

40 

50 

52 

85 

89 

190 


NOTE II. (p. 74). 


Evaporation. 

The retentive property of a soil for water tends to retard 
evaporation. I'lie following table by Schiiblor shows the 
rate at which evaporation proceeds in different soils. The 
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experiment was eondiicted in the following way. The 
soil experimented n])on Avas saturated with water and 
spread over a disc, and allowed to evaporate for four hours, 
when it Avas Aveighed. The amount of time required for 
the evaporation of 90 per cent of the Avatcr was also 
(‘stimated. Of 100 parts of Avater in the Avet soil tlu're 
evaporated, at GO'^ Fahr. — 


roni — 

Ill I'oiir litinrs— 
eeiit. 

Time requir 
orate DO j 
Hours. 

'(1 to e\' 
er cent. 
Miiiule 

Quartz 

88 

4 

4 

laniestone . 

7<» 

4 

44 

8aiulyclay. 

r,2 

r, 

1 

kStiffisli clay 

Pi 

6 


Loamy day 

46 

7 

52 

Pure grey day . 

32 

11 

17 

Loam. 

32 

11 

15 

Pine (’alciurn carbonate 

28 

12 

51 

llumus 

21 

17 

33 

Slagncsium caiLonatc . 

11 

33 

20 


NOTE 111. (p. 7G). 

llYOllOSCOrit PoAVKIl ()!•' SoiLS. 

Davy found the hygroscopic- powcu* of soils to be as 
lulloAvs. He found that 100 i)arts l)y Aveight of three 
siimples of different s:inds absorbed 3, 8, and 1 1 parts of 
water, respectively, in one hour; Avhile three loams alj- 
sorbed similarly 1.3, l.C, and 1.8 parts. 

The folloAving samples of soil Avere dried at 212° Fahr., 
:md exposed to an atmosphere saturated Avith Avater and a 
tem])erature of 62° Fahr., Avhen it Avas found they absorbed 
die folloAving amounts in twelve hours’ time : — 


Quartz sand 

0.0 

Limestone sand 

0.3 

Lean clay 

2.1 

Fat clay .... 

2.5 

Clay soil .... 

3.0 

Pure clay .... 

3.7 

Garden-loam . 

3.5 

Humus .... 

8.0 
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NOTM IV. (]). 81). 

(JaSKS i'KE.SKNT IN SoiLS. 

Tli(i air which wc liiid ('iicloscd in iho pores of tho soil 
is distinctly jtdorcr in oxyj^fcn than ordinary air. llous- 
sinj^ault found tlic |)crc(‘ntap;c of oxygen in a. saiuly soil, 
fo'sldy inaiiurtal [ind wet witli rain, to ])c as low as 
10. 3h per emit; while the air in forest -soil cuntamed 
19,0 per cent of oxygini, and .93 per cs'iit of carhonic iicid. 
Tlie pi'i'centage of oxygen in soils de[)(!nds on the rate of 
decay of the organic iiortioiis. The. depth of the soil- 
layer also detm’inines the (piaiitity. This is owing to the 
fact that dill'usion takes place more slowly deep down than 
near the surfaci*. 


NO'rK (p. 90). 

Amount of SonuimK I’l, ant-food in tiii; Soir. 

Two of the most velialile nudhods (d' ascertaining an ap- 
liroximation of the (piantity of sidulde soil constituents are 
(1) by treating the soil with distilled water, and (2) by 
analysing the drainagi'.- water. With regard to tho former 
of these two methods, it has been fouiul tliat even the 
amount of fertilising matter dissolved out by pure dis- 
tilled water varies. This variation depmuls on the amount 
of distilled water used, as well as the length of time the 
soil is left in contact with the solvent. IJy washing the 
soil with dillerent (piantities of water, diilerent amounts of 
soluble soil ingredients will be found to have been washed 
out; for although the lirst washings contain by far tlie 
greater ])ortioii of the soluble matter, each subsequent 
washing Avill he found to contain further (quantities. 

A number of expcninients have shown that 1000 parts 
of distilled water dissolved out from dillerent soils from 
one half to one and a half ])arts of soluble constituents ; or 
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from .05 to .15 jx'i- aMit. Of tlii.s .so]ubI (3 mattor from .‘U) 
to G7 poi- emit is miiu-ral in its nature', .anil from I);} to 70 
per ccait organir. IVior .^andy soils yii'Ii] tlio minimum 
(pianiily, Avliili-, pcaly soils yield tlie maximum. Tlui ipi.an- 
tity of solu])l(; luattor in a regular ]>i‘aiy soil may vary from 
.1 to 1.1 ])er eent ; lids consists cliielly, however, of oi'^anic 
matter. (See dolinson’s ‘ How ('ro])s heed,’ p. .‘11 ’2.) 

Piuliaps a more s.'disfaelory nietliod is ley aualysino tlii' 
drainaeje-water ol a. soil, dins h.as been found to vary 
vi'i'y eoiisidera])ly in composition, d'lie, avera^^' of a, larn’e 
number of analyses .are, .01 jo .05 per cent of dissolved 
matter. ()f this dissolvi'd matter the, l,ai'L;esi propoiTion 
is made up of or^auiie matter, nitric acid, lime, and soda, 
salts. It must b(3 borne, in mind, bowi'ver, tliat iiven tlie 
draina^'e- water does not fuinisb j»n exacl. indication of 
till' amount of dissolved matter in a soil, Mueli, peiliajis 
tlie lar^'i'st proportion of dissolvi'd iiadter, iievi-r linds 
its way into tlie drainaye-water. d'liid, contained by tli (3 
di'ainage- water really ri'jiresents tin; surjilus ipiantity of 
dissolved matter wliicb tlie soil is unable to retain, and 
V'liich is thus washed by tlie rain into the dr.iins. The. 
composition of drain.-iye-walei- is iuti'restiny, as it shows 
that, practically spi'akiny, all tlii' lU'ia'ssary plant iiiyri'di- 
ents are in ;i statv of solution in tlu' soil. 


NO'PK VI. (p. !)0). 

('riKMK’.M. (loMI’OSFTION OF TUH ,SoiL. 

d'lie most important substanee.s [iresent in soils an*, as 
follows: silica, alumina, lime, magnesia, potash, soda, 
ferric oxide, manganese oxide, suljiburie acid, iihosplioric 
acid, and chlorine. Of tlu'se suli.stances the pre.senee of 
alumina, silica, lime, and, in ci'rtain ca.ses, magnesia, along 
with the organic portion of the .soil — the humus — has the 
'diief intluence in determining the nature and the physical 
properties of a .soil. 
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Ill order to clciirly undorsiaiul to wliat it is soils owe 
the nature of their clieinieal composition, it is necessary to 
consider the composition of some of the chief minerals out 
of the disintegration of which soils are formed. 

While we know of some siwcnty eknnents present in the 
earth’s crust, it is practically made, up of only some six- 
teen. These, sixteen are — oxygen, silicon, carhon, sulphur, 
hydrogen, chlorine, })hosphorus, iron, aluminium, calcium, 
magnesium, sodium, potassium, lluorine, manganese, and 
harium.^ Of these, oxygen is hy far the largest constit- 
uent, forming, roughly spiaiking, about 50 per cent. 

The main mass of the rocks consists of silica, and this 
is generally combined with alumina, as in clay, forming 
aluminium silicate, and with the commoner alkalies and 
alkaline earths. Anotlun' cxtriimely abundant corapouml 
is carl.)onate of lime, which, as limestone, chiilk, and marl, 
forms onc-sixtb of the earth’s total rocks. 

'I'lie word “mim'ral” means a definiii' chemical com- 
[»ound of natural occurrence. Th(‘, numl)er of minerals is 
very great, and it is impossilib'. to go into the subji'ct here. 
Iicfcrence can only h(^ madi'. to a few of tin', more pronii- 
muit ones, which are chii'lly conceriuHl in the. formation 
of soils. 

Those formed out of silicates are, from the agiicultural 
point of view, the most important, as tlu'.y form a very 
large group; and it is hy their disintegration that soils are. 
chietly formed. They consist of silica ami alumina, along 
with various other substances, childly alkalies and alkaline 
earths. It is important to note om*. peculiarity about the 
solubility of silicates. We have, two classes of silicates: 
the one, Avhicli is called “acid,” and contains an excess of 


^ Composition of the earth’s solid crust in 100 parts by weight;— 


Oxygen . . 44.0 to 48.7 

Silicon . . 22.8 ,, 80.2 

Alnininiuni . . 9.9 ,, 6.1 

Iron . . . 9.9 ,, 2.4 

(Roscoc’s ‘Lessons in Eloinentary 


Calcium . . . 6.6 to 0.9 

Magnesium . . 2.7 ,, 0.1 

Sodium . . . 2.4 ,, 2.5 

I Potassium . . 1.7 ,, 8.1 

Cliemistry,’ p. 8.) 
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silica ; the other, “ basic, ” and which contains an excess of 
base. IS^ow, while the former of these is more or less 
insoluble, the second is soluble. This fact has an import- 
ant signirication in the jirocess of the disintegration of 
the silicate minerals we are about to consider. 

The first and most important c.lass are the 
Felspar is not really a definite mineral, with a deHiiite 
chemical com])Osition, hut rather the name of a class of 
minerals of which then*, are several dillerent kinds. The 
felspars are comjiosed of silica and alumina, along with 
potash, .soda, and lime, with traces of iron and magnesiii. 
Their principal constituents, however, are silica and alu- 
mina, along with either potash, soda, or lime. According 
as the base potash, soda, or lime predominates, the felspar 
is known as Orthoclase, Alhite, and Oligoclase, respectively. 

The following are the analyses of the three minerals (by 
the late Dr Anderson) : — 



Orthocl.'isc. 

Albilc. 

Olij'iiclasc. 


1. 

2. 

1 . 


1. 


Silica 

(i.^72 

05.00 

07.99 

08.23 

02.70 

03.51 

Aluiniiiii . 

IS.', 7 

18.01 

19.01 

18.30 

23.80 

23.09 

Poroxiih^ of iron 

traces 

0.83 

0.70 

1.01 

0.02 

none 

Oxido of man- \ 
ganese / 

Lime 

traces 

0.13 

none 

none 

none 

none 

0.34 

1.23 

O.CG 

1.20 

4.00 

2.44 

Magnesia . 

0.10 

1.03 ; 

' none 

0.51 

0.02 

0.77 : 

Potash 

14.02 

0.12 1 

■ none 

2.53 

1.05 

2.19 

Soda . 

1.25 

3.49 i 

1 

11.12 

7.99 

8.00 

9.37 


100.00 

99.47 ^ 

1 

100.08 

99.83 

100.79 

101.37 


According as these various felspars are present in a soil, 
so will the (|uality of the soil be. It stands to reason that 
a* the presence of potash in a soil is one of tin; distin- 
guishing features of its fertility, much will depend on the 
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(!xt(nii to 'wliicli tlui orilioclasc felspar is present ; and also, 
not only on the. ('xtent, hut on the state and (h'gree of its 
disintegration. It is iin]»ortant to note th('. iiK'.thod of this 
disintegration. It is (‘ireeted hy the ahsorption of water. 
This water is not nierely :d)Sorhed nu'chanically, hut 
actually (oders into the coni])Ositiou of the mineral. It is 
not present as nioisturi'. nierely, eapahh' of h(nng expelhsl 
at ordinaiy boiling hanperature, luit it forms what is 
known as watnr of (‘oiniiosition. In this process of hydra- 
tion, till' mineral loses its lustre and crystalline appeal# 
auee, crumhh'S away into a. more or less - according to its 
state, of disinti'gralion — -])owdeiy mass. A very great 
change, is also eireeted in its chemical composition ; it loses 
mairly all its lias*'. 'I'his is ellectisl in the. following way. 
As wator mitiu’s into the minerars eom|>osition, it sets free 
a certain ])ortion of the hase.-: there, is thus formed a basic 
silic,at(‘, which, ladiig soluhl(‘ in water, is washed away in 
solution. This change may he illustrated hy ([noting the 
amdysis of a kaolin (day formed hy the disintegration of 
oi'tho(dase f(ds]»ar. 

JuwUn Old 1/ foruu d bij <>/ Oiihoclasr. 


Silica .KeSO 

Ahiiiiiiia ..... 

I’t'i'oxiilc of iron . . . 8.11 

Oarlaaialc of linn* .... 

Potash ... . . . .0.27 

Water ...... 12.41 


100.00 

The chief ditlerence here is the alimxst total loss of potash 
and a portion of the silica, and the. gain of water. The 
other constituents practically remain insoluble. 

Another important mineral is ]\fica. Its (composition is 
not unlike felspar. It contains silica, alumina, and iron, 
in considerable (]uantities, also magnesia and potash. 
There are two kinds of mica — that containing potash, and 
that containing magnesia, in excess. The analyses of 
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tlu'so two kinds :uv as follows (1))’ tin* laU'. 1 h' Ander- 
son) ; — 

Mkas. 



((/) I’otasli 

(//) n.it^iiosia. 

Silica 


'12.65 

Ahiiiniia 

dc.so 

12.00 

Peroxidi’ et inai 


none 

I'l'otexidc of ii'oii 

iKdie 

7.11 

Oxide of inaiigaiies(‘ 

().0-2 

1.06 

Magnesia 

IKlIlC 

25.75 

Potnsli . 


t;.o:i 

1 1 vdrolliioric at'id 

0.70 

0.62 

Watir . 

l.sl 

‘-'•17 


!M>. 17 

99. .‘55 

The d(‘eom])osi(inn of miea is 

; very slow, 

however, as it is 

a ])ee.nliai'ly liard mineral. 



(Hhei' imporiant mimu'als 

ar(‘ 1 lornltlciulc and Ainjifc. 

dh(.‘S('. are eom])osed of silica 

, :dumina, 

iron oxide, man- 

gaiiese oxide, lime and mae 

nesia. d'h('S(‘ are the eldef 

minerals out of whieh soils 

ar<^ foniKM 

1. It is seai'eely 

neea'ssary to say that h'W soil; 

an* nmde 

np out of any of 

these three, miiu'rals alone. 

Nearly all 

locks :u'e foi'iiied 


Old of a ndxiiiro of ili<‘S(‘ nunorals. Wlicri', liowovi-r, any 
on(‘ mineral ])rodoniinalos over tlio rest, llic naturi^ of tlio 
soil will 1)(‘ lli(!ivl)y all’ected. In order to illustrate tliis, it 
may ho woll to nionlion the coin]>ositie»n of one or two of 
the oominoner I'ooks. 

1. (ir(tiiU(\ which is so almndant in (•(otain ])aits of tho 
north of (Scotland, and wliich <,dv<‘s rise to the soils in tJie 
md^dd)Ourliood of Aherdoen, is niadi^ up of a mixtnro of 
'inartz, fedspar, and niica. It depends on the felspar 
present — /.c,, wliethor it is ortlioclase, oli<^oelaso, or alhito 
■ — whother tho soil will bo rich in potash or not. Granite 
^'ontaining ortlioclase felspar jiroducos. a fairly fertile soil. 
An ini[)ortant consideration, which is ajit to complicate this 
pnestioig is the situation of .such soils, hliey are generally 

high above sea-level, that their fertility is seriously im- 
paired on these grounds. 
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2. Gnoisi^, anoUier coiiinion rode, is similar in composi- 
tion, only that it (contains very little fiilspar, and a corre- 
spondingly greater amount of mica. 

3. contains quartz, felspar, and liornblendo. 

The rocks of wldcli greenstone and trap are types, arc 

found very largely scattered over the country. They are 
of two kinds, diorite and dolorite. 

4. Limedono is of two great classes. We have (1) 
(himnion, (2) Magnesian. The following are the analyses 
of those two c]ass('s hy l)r Anderson: — 


Silica 

Iioji oxide and 1 
alumina J 

Carbonate of lime 
(;!arbonate of mag- 1 
nesia j 

Phosphate of lime 
Sulphate of lime 
Organic matter . 

Water 


Common. 


Mid- 

SutlUT- 

Lotliiaii 

land. 

2.00 

7.43 

0.4.5 

0.70 

o.'htn 

81.11 

1.02 

7.4.5 

o.,5(; 


0.02 


0.20 


0..50 


90.8(» 

99.7.5 


Maonksun. 


SutllCT- 

land. 

Dnnifrk'S. 

0.00 

2.31 

1.57 

2.00 

.50.21 

.58.81 

41.22 

30.41 

99.00 

99.53 


Clays arc formed hy the disintegration of any of the 
crystalline rocks ; the purest clays heiiig formed from 
felspar. A pure clay consists simply of silica and alumina, 
all the other constituents liaving been washed out. Disin- 
tegration, ho\vever, seldom reaches such an extent ; other- 
wise clay soils would bo completely barren, which they are 
notaldy not. The impurities present in clay, which consist 
of alkali('.s, especially potash and other mineral ingredients 
of the plant, arc what confer on clay soils their fertility. 
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Clays iliiTer, ho\vcv(ir, very considerably in their composi- 
tion. The following is an analysis of a clay soil hy Dr 
Anderson - 


Silica ...... 00.03 

Alumina ..... 14.91 

Peroxide of iron .... 8.94 

Dime ...... 2.08 

M:i”nesia . . . . . '1.22 

Pota.sli . . . . . 3.iS7 

Soda ..... 0.1)0 

Water and carbonic acid . 9.07 


99.72 

notp: vn. (p. oi). 

Forms [N wiitch Plant-foods ajif frksknt in Soil. 

The forms in which the bases ncee.ssary for ])Iant-food 
are present in the .soil, are ehie.lly as hi/drafiul silicates, 
and in (“ombination with organic, acids, fonning hnmatc.s, 
Ac., as well as in the form of .siilpliatcs and cldoibh'S, 
Phosphoric acid is j)res('nt in combination with iron, 
alumina, or lime, or po.s.sildy also as magnesinm-ammoninm- 
phosphate. Sulphuric acid is generally present in a 
more or less insoluble condition, in combination with iron 
and lime ; whereas chlorine is combined with the alkali 
bases in an easily soluble form. An im])ortant point is as 
to the form in wliich the plant al)sorbs these food constit- 
uents. Tn this connection nderciuai may be made to a 
theory put forward by a very distinguished French agri- 
'•ultural chemist, Professor (Irandeau. ITis theory is that 
tlio necessary ingredients of plant-food are absorbed into 
the plant as humates, or, at any rate, that the medium 
of this transference is humic acid, and organic acids of 
a similar nature. This theory, however, while ingtniious, 
has not yet been supported by sufficient evidencf* to make 
it.s acceptance advisable. It is probable that it is only in 



IDS 


ATM’KNDIX TO CirAriKIl I. 


ili(‘ form of solul)](‘ salts that Uk' plant can al)sorl) its food. 
It is (piito ])rol)al)lc, however, at tlu* same time, tliiit tlu^ 
exact form in which th(', diHerent food substances enter 
the, ])lant may h(‘ largely determined hy circumstances. 
Accordiny,' to Aaddx*, chloiid(‘ of jKitassiiim is the most 
siiitidih' form (d' ])otassium salts, although the. ])lant may 
ahsorl) its potassium as sulphate, pliospliati', or evem 
silicate. 
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(HI APT MU II. 

laiNCTTONs rKin-oKMKi) r.y manui;i:s. 

llAViN(.i now considered Ui(‘ L^eneml eonditions o)i 
wliicli fertility of soil depends, W(! are in a position 
to deal with tlie nature, and fiinetioii of niaiiiires. 

Manures may be elassilie.d in scweral diHereid; ways, 
and a considerable anionnt of confusion is sonuAimes 
caused l)y the variety of elassilieation adopted by 
hitterent writers on tins subject. 

lUymoloijiaii mcaniiuj of the irord ^[a/lltn\ 

Let us, in tlie first place, clearly understand what 
we mean by a manure. The word manure comes from 
the French word iimmiucrer, which simply means “to 
Work with the hand,” licncii “ to till,” and this etynio- 
h»itical ineaidng of the word illustrates the old heliid’ in 
the function of inaimres. We have already seen in the 
historical introduction that, according to 'rull, the true 
^uid only function of manures was to aid in the pul- 
verisation of the soil by fcrnientation. In advancing 
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his system of thorough tillage, lie claimed that since 
tillage effected tlie pulverisation of the soil, where it 
was practised, manures could be dispensed with. 

Ihjinition of Manurei>. 

We no longer, of course, attach this old meaning to 
the word. The word manure is now a])plied to any 
substance which by its a[)plication contributes to the 
fertility of a soil. As has been shown in the previous 
chapter, the substances necessary for ])lant - growth 
which are apt to be lacking in a soil, are only generally 
three in number — viz., nitrogen, phosphoric acid, and 
'potash, A nniiiiire, therefore, is understood to be any 
substance containing these ingredients, cither singly 
or together, and its commercial value is determined 
by the amount it contains of these substances. But 
while this is so, it must not be forgotten that if we 
define a manure to be a substance which contributes 
in any way to the fertility of the soil, substances 
other than these above mentioned may be fairly re- 
garded as manures. The fertility of a soil, we have 
seen, depends not merely on the presence of certain 
constituents, but also on their chemical condition — 
i.c., whether they arc easily soluble or not. It further 
depends, as we have also seen, on the possession by 
the soil of certain mechanical and biological properties. 
Thus there are substances which act upon the soil’s 
inert fertilising matter, and by their action convert it 
into a more speedily available form. There are other 
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substances which l)y their a}3plication exert a con- 
siderable en'cct on the texture of the soil, and tliercby 
influence its physical and biological properties. All 
such substances, according to tlie above definition 
oi a manure, must be included under tin; term. It 
will thus be seen that since fertility in a soil can 
be promoted in a variety of ways, and the functions 
performed by manures are of dillerent kinds, we can 
divide them into dillerent classes, according to their 
respective action. 


DiffemU (Jlasscfi (}f Man a rrs. 

In the first place, we can divide manures into two 
great classes, — (1) those supplying to the soil neces- 
sary plant- food constituents, and thus contrihuting 
directly to fertility; and (2) those influencing soil- 
fertility ill an indirect manner. The first class we 
may call direct manures, and the second indirect. 
Those two classes admit further of being subdivided 
into other smaller classes. Among the direct manures 
We have a number of subdivisions in use. They may 
be divided into (jtncral manures and qnxial manures, 
‘According as they contain all the elements necessary 
for plant-growth, or only some of them ; or they may 
be divided according to tlieir source into nafured and 
^^Ttificial, mineral and vegetaUc. Similarly we have a 
number of subdivisions among the second class, de- 
pending on the special nature of the action they exert, 
‘^ome manures act in both capacities — both directly 
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and iiidircclly — and in order tliat their value be fully 
a|)])r(!eiated nuist be studied under ])otli lieads. Tlu' 
most strikiiii^' example of sueli a manure is farmyard 
manure. There iire other manures whicli may in 
certain eircumstaiices net in two different ways. Such 
a substiiuce is lime. There an^ .soils which iirc actu- 
ally lacking in a sidficumcy of lime for the needs of 
crops. On siuT soils an application of lime would 
act both as a. direct and ;dso as an indirect manure. 
Tlu're may :dso l)e cases of an exceptional nature, in 
which magnesia salts or even iron salts may act as 
direct manure.s. Many manures commonly regarded 
as jiurely direct manures would exm’t an indirect iii- 
lluencc were the ([uaiilities in which they were applied 
sullicicntly large. This is the (‘ase, indeed, with many 
artilicial manures, such as guano, bones, nitrate of 
soda, and basic slag. It has been claimed for nitrate 
of soda that it not merely ]n’omotes fertility by supply- 
ing nitrogen in its most Jivailable form to the soil, 
but that the soda it contains exerluS a valuable indirect 
inllucnce in con.solidating the soil and increa.sing its 
absorptive powers. When we relhxt, however, on 
tlu; small ([iiantity of this manure which is applied 
per acre, its mechanical inllucnce must be insignilicant. 
The sanu; applies to basic slag, which contains a 
considerabh; (piantity of free lime in its composition. 
As this manure, however, is sometimes applied in 
considerable (puintities, it is reasonable to suppose 
that its indirect value may not be altogether iirsig* 
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iiificaiit. Indeed we have proof of this in the fact 
that its most favonral)le action has been found to he 
on soils I'icli in orii;anic niatterd The action of bones 
and gnano, and indeed of all other manures containin^e; 
a larq'e percentage', of decomposable orgaiuc matter, is 
likc'wise of a double natuiv., inasmuch as tluur decom- 
position or putied'action in tin*, soil gives rise to the 
formation of carl)oni(; and organic acids, which are 
capaV)le of exerting a clumiical action on the soil 
ingredients. There is one point in connection with 
the action of these manures which is worthy of notice, 
and it is that, however slight their indinict value may 
he, their action as a direct manure is very much 
accelerated hy the way in which their organic matter 
pulreties. In short, they may he described as provid- 
ing, to a certain extent, the solvents which render 
them availalde for the rcipiiriumuits of th(‘, |)lant. it 
may he here convenient to classify the manures which 
we inUmd Suhse(piently to deal with. 

T. Alaiinres, action of which is both <lircct and 
indirect — cjj.y (jrccn maiiuirs, fariiti/ard inantirc, com- 
posts, and scwajjc. 

1 1. Manures which may he regarded as having only a, 
direct action — c.(j.,()uano of all kinds, hours in all forms, 
nitrate of soda, sulphate of arnmoriia, dried Uood, super- 
phosphates, viincral phosphates of all kinds, horns and 
hoofs, shoddy, wool-waste, fish-gimno, muriate of potash^ 
ndphcite of potash , and Jcainit. 

^ See Cliapter on Ba.sic Staff. 


II 
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ITT. ^Taiiiircs wliicli may be regarded as having 
only an indirect value — c.g., lime, mild and camtic, 
marl, ijyimwni, salt, &c. 

Wc shall now proceed to discuss the nature and 
action of these different manures, starting with those 
exercising V)oth a direct and indirect influence. Before 
doing so it may l)e well to consider the occurrence and 
natural sources of the three important soil constituents, 
nitrogen, phosphoric acid, and potash, with a view of 
seeing to what extent these are being removed from 
our soils by the various natural processes constantly 
going on, as well as by the crops, and how far their 
natural sources are capalde of making good this loss 
— ill short, to clearly understand the economic reasons 
for the application of artificial manures. 
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THE POSITION OP NITKOGEN IN AGIIICULTUKE. 

Op inanurial iiij:frcdicnt.s, iiitroi^eii is by far the most 
important, and on the presence and (‘liaracter of the 
nitrogen it contains, tlie fertility of a soil may be said 
to he most largely dependent. Most soils, as a rule, 
are better supplied with available ash ingredients 
tlian with available nitrogen compounds. The expen- 
sive nature of most artificial nitrogenous manures also, 
gives to nitrogen the first position from an economic 
point of view. A thorough study, therefore, of the 
different forms in which it exists in nature,’ of the 
numerous and complicated changes it undergoes in 
the soil, by which it is prepared for the plant’s needs, 
of the relation of its different forms to plant-life, and 
of the natural sources of its loss and gain, is of the 
highest importance if we are to hope to understand 
file difficult question of soil-fertility. 

'J'kc liothamded Eximiincnls ami the Nitrogen qucstioiu 
The position of nitrogen in agriculture is a question 
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of j^u’cat (lilliciiliy and complexity. It has engaged 
mucli attention, and lias bad devoted to its elucidation 
niucli elaborate and })ainslaking researcb. To tbe 
Kotbanisted (‘X])eriments we owe most of tbe in- 
foi’iuation we possess on tbe snltject, and tbe facts 
contained in tins cba]»ter are almost entirely derived 
from tbe results of tbesc*. famous experiments, as 
embodied in tbe mmiioirs and writings of Messrs 
Lawes, (lilberb, and Warington. 


Vi ffax'tii forms in u-hirh Xifrofjrn r.i'isis in Is (dare. 

AVe have already nd’erri'd to (be nitrogmi (piestioii 
in tbe bistorical introduction. In order, bowever, 
to have a comprebensive vii'W of tbe subject, it may 
be well to recajiitulate some of tlie facts tliere 
mentioned. 

Nitrogen, as we bave idready semi, exists in tlu‘ 
" free ” or elementary eondilion, as nitrates and nitrites, 
as ammonia, amt in a large number of did'erent or- 
ganic forms. 

Niirorjen in the Air. 

It occurs in greatest abundance (amounting to alioiit 
80 per cent) in tin* first of tbese forms in tbe air. 
That tins free nitrogen, wbicb is practically unlimited 
in quantity,^ bas originally been tbe source of all its 

* The total amount of nitrogen in the air ha.s'hcen estimated a[t- 
proximately at four million hillion tons. 
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oilier foriiis, is of course obvious. ]>ut this coiivc'.r- 
sioii of i'ree iiilroj^en into tlie viirious conipound forms 
ill wliicli it occurs llirouj^liout the mineral, ve^elalilc, 
and animal kiiiLidoms, has liccii a [>roccss errccicd by a 
variety of indirect metbo(ls, and only at llie expense 
of a vast amount of time. b(n- jiractical pnrposi's, llic 
free nitro;4en of tb(‘ air mn}' be, r(‘u,’nrded eliielly as a 
non-available sourc<‘ for most bodies containiiiL^' it. 
It may be deseiabed as of all forms of nitrogen the, 
least active, as far as plant-life is coiiCHU’ned. 

Jtclafion of^' firr'' Xifrof/ni to the rioiit. * 

I'lie relation of tin; “fine” nitrogen to the plant 
has formed the subject of much resinireh, more e.spc^- 
cially dnrino the last few years, and a briid epitome 
of the main I'csnlts arriviMl at has already been ^iven 
in Iho Introduedory (.'ha] iter.’ 

Tliat this source of nitroocai is not so inaccessible 
lo the plant as was formerly believed, has now been 
iihiindantly jiroved. As the considerations which have 
led to this conclusion, and have suggested the very 
rei'cnt elaborate eNjim’iments on the lixatioii of free 
nitrogen by the plant — the r(\sults of whieli bid fair, it 
Would seem, to largely revolutionise our agricultural 
practice — have been due to the study of the relation of 
the soil-nitrogen to the plant, it will be best to defer 
furtlier discussion of this rpiestion till we have dealt 
'vith the other sources of nitrogen. 

' Sec Introductory Cluiiiter, ]>)>. tO Lo tf). 
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(fo ml) bird Nilroijrn in the A ir. 

Ill addition to iiitRM^’cii in tlio free state, air contains 
very small ({uantities of this element in combined 
forms. We liave it in minnt(! traces as nitrates and 
niti'ites, as ammonia/ and also in still smaller traces 
as ori^aiiic nitrogen in the minute dust-particdes whicli 
mod('.rn researches have rcviuded as being ])rcsent in 
such (‘uormous numbi'rs in our atmos])here. What 
tlie aoure('-s of tlu'se nitrates and nitrites (which exist 
in ([uantities so minute that accurate; determination 
of their amount is r(md(;r(‘d cxtreimdy diHicult) are 
is a disputed point. Tliat iiitrogen and oxygen unite 
together to form nitric a.nd nitrous oxides und(T 
the induence of intense heat, sucli as tlie electric 
spark, lias been proved lieyond doubt. One source, 
therefore, is probably the eU;etrical discharges which 
are taking ])lac(; more or less frequently on dillbrent 
])arts of the eartlis surface. Nitrates may also bt; 
formed in the combustion of nitrogenous liodies.- In 
the burning of coal-gas, for (;xam[)le, it is probable 
that small ([uanlities of nitrates may be produced. 
Similarly the slow combustion or d(;cay of nitrogenous 

• Although aininoiiia is innro abuiulant than nitrates ami nitrites, 
it only amounts to a lew parts per million of air. Aeeording to Miintz. 
the air at great heights contains more ammonia than in its lower 
strata. The opposite, liowever, is the case with regard to nitrates, 
whieli are only found in air near the surface of the earth. Sec p. ■i'A 

Nitric acid may al.so be formed hy tlie oxidation of ammonia h}' 
ozoiK', or jieroxide of liydrogen. 
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organic matter, which constantly takes place all over 
the earth’s surface, may he regarded as another source 
of this form of comhined nitrogen. Ammonia may 
be similarly formed hy the (‘ombiistion, eitiier ([uick 
or slow, of nitrogenous organi(5 matter. It exists in 
the air as nitrate or nitrite of ammonia, and also as 
carbonate of ammonia.^ 

Amov-td of condtinA'd Ndrofjrn fdl infj in, tlu' Rdin. 

The importance of th(‘, comhined nitrog(m in the 
air as a source of soil -nitrogen is liest gaugiid by the 
amount falling annually on the soil dissolved in rain. 
This has been found to vary considerably. In the 
rain falling in tlui vicinity of large towns the amount 
is greater than in rain falling in the countiy. Thus 
at liothamsted, in England, tlui average amount for 
si'veral years was only .‘bd7 lb. nitrogen per annum 
per acre, of which lb. were as ammonia, .84 being 
as nitric acid. At Jincoln, in New Zealand, 1.74 lb. 
fell annually per acre — as ammonia, .74, as nitric 
acid, 1.00 ; while at Ihirbadoes the amount was 3.77 
lb., of which .93 was as ammonia, and 2.84 as nitric 
acid.“ That the comhined nitrogen derived from the 

' According to Sehloesiiig, the chief source of tlie aniiiiouia [irosent 
ill the air is the trojucal ocean, which yiehls gradually to the atmos- 
phere, under the action of the powerful evaporation constantly going 
on, a large amount of nitrogen in this form. The sources of the 
nitrogen of the ocean are the nitrates which it receives from the 
'hainago of land, animal and vegetable matter, sewage, Ac. 

■ Hco Appendix, Note I., p. 
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air !)y tlio soil may bo considerably in excess of this 
is hinbly ])robabl(‘. Soils, (‘S])eeially wlien damp, may 
absorl) mucli lari’i'r ([nantities from tlie air of tlie eoni- 
bined nitrogen it (M)iitains. AVe must remeiidjcr that 
the air in eonlaet with the soil-sui lac'o is constantly 
l)(ung cliangi'd, and that there is thus a constant ic~ 
iK'Aval of tlui air ])ass(al over the ground. The result 
is that tlie amount of air from which comliined nitro- 
gen may lie removed is very great.' 

Niinuicn in ilic Sb//. 

It luis been remarked as a' fact worthy of notice 
that iiitrogmi is (‘ssL'iilially a. sujierlicial element. !>} 
this is meant that it is only found, as a rule, on the 
earth’s immediate surface. Tiiis statemimt can only 
be admitted to be true within (‘crtain limits. The 
chief source of nitTogeii, in addition to the atmosphere, 
is, of course, vegetable and animal tissue." As vege- 
table and animal tissue are only found to any extent 
on tlie earth’s surface, nitrogen is tlierefore chielly 
found there. The natural deposits of nitrogen salts, 
such as the nitrale-lields of (’hili and the saltpetre 

, ■ To illnstniU’ this ])oiiit., it may he mentioned tliat on the least 
windy of days, when tin' wind is only movin^^ at the rate of two 
miles an hour— and this, it may he added, is so slow as to l)e seareely 
notieeahle-- the air in a space of 20 feet is chan^md over live hundiod 
times in an hour. The combined nitrogen thus absorbed is probably 
entirely in the form of ammonia. It would seem so at any rate, from 
some experiments by Schloesing. See p. i:i2. 

No vegetahl.i or animal cell exists whieh does not contain 
nitrogen. 
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soils of India, c^’c., also only occnr supevliciiilly. Nol- 
witlistandinu; thos(i facts, liowi‘Acr, llic ainoniiL of 
nitrogen wliicli exists at protalily consiileiatle d('])Llis 
from tlie. snrfaen innst be very great There are few 
sediinentaiy rocks which do not ('ontain it. At 
liothanist'd a sanqde of (‘alcaicons day, td<('n from 
a de])th of 500 feet, contained .01 ]ter cent— that is, 
as n'uich as is found, on an av(‘rag(‘, in tlu; Tuthanisted 
clay snhsoils. 

Niiroi/ni. in (Itr SiiJ>h()1I. 

On the whole, however, as we have siiid, nitrogen is 
chielly found in the surface-soil. The- amount found 
in the. sul)Soil at lh)thainst(;d si'.eins to vary very 
slightly id. dilVerent d(‘]>ths, the percandage ainonnting 
to from .00 to .0‘d Unlike tlu; nitrogen of the 
surface-soil, that in the snl-soil seems to he of very 
anci(mt origin, being pr(jbably (hnived from the re- 
mains of animal and vegetable life in the mud 
deposited at the bottom of the ocean. Tt is more 
aliundant in the case of a clay subsoil than in a sandy 
subsoil. 

Nitroi/cn of tStir/ucc-tSoiL 

Niti'ogen has a teiuhmcy to collect on the to]) layers 
of the surface-soil, th(‘ lirst 9 inches or foot containing 

* Tills is less on the wliole tliaii what has hoeii touinl in subsoils by 
t'outincntal investigators. Thus, tor t‘xain[)k‘, A. Miilh r found tlu; 
avi rago of a luuiibcr of analyses of subsoils to be .15 ])er cent., and 
fh(‘ late Dr Ander.son found the nitrogen in the sulisoil of diil'ercnt 
i^f’ottish wliciit-soils to run from .15 jx-r cent to .07 ]x r cent. 
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by far the largest proportion of it. In the table given 
in the Appendix/ the rate at which it decreases in 
amount the further down we go is clearly shown. 
Determinations of the rc'spcctive amounts of nitrogen 
in every o inches of the soil, taken to a depth of one 
foot of the experimental wheat-field at Jtothamsted, 
showed that the percentage between the first 3 inches 
and the second 3 imdies varital very slightly. ' A 
more marked dilVcnmcc, however, was shown to exist 
between tbe nitrogen in the second and third 3 inches ; 
while the fourth 3 inches were distinctly poorer — 
diriering very little in their percentage of nitrogen 
from the subsoil. This was the case in nnmannred 
soil. In the case of heavily manured soil, the 
‘increase in the soil’s percentage', dne to manure, 
was shown to 1)0 felt to the dci)th of a foot, but not 
much below it.- 

A careful perusal of tlic tables in the Appendix 
will show that the quantity of nitrogen in the case 
of both arabh' and pasture .soils steadily decreases for 
the first 3 feet, but that l)elow tins depth little de- 
crease is seen, the percentage evidently liecoming fairly 
constant. 

^ See Appendix, Note II., p. 1.5C. 

“Under prolonged kitchen-gardfni culture the subsoil beeonics 
enriched witli nitrogenous matter to a far move considerable depth ; 
this has bceii shown by tlio analyses of the soil of the old kitchen- 
garden at Rothamsted. This is doubtles.s duo to the practice of deep 
trencliing employed by gardeners.” — R. Wariiigton, ‘Lectures on 
Rothamsted Experiments.’ U.S.A. Rulletin, p. 24, 
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The amount of Nitrogen in the Soil. 

Very considerable dilferencc exists in tl\c amount 
of nitrogen present in diflerent soils. I’he majority of 
analyses refer only to tlie amount found in the surface- 
soil— generally in the first 9 or 12 inches. As the 
soil, further, is not a body exactly homogeneous in its 
character, very considcraidc difli(adty exists in obtain- 
ing reliable results. A great deal depends, therefore, 
on the method of sampling and tlie liasis of calculation 
adopted ; and it may be tliat this may occasionally 
explain, to some extent at least, the great discrepancies 
in the estimation of the rpiantitics of nitrogem present 
in different soils as found l)y diricrent investigators. 

7Vu/-.S(n7s richrd in Nitrogen. 

Of all soils, peat-soils are richest in nitrogen. Tro- 
fessor S. W. Johnson btund the nitrogen in fifty sep- 
arate samples of peat to range from .4 per cent to 
2.9 per cent, the average being 1.5 per cent. On the 
other hand, marls and sandy soils arc poorest, the 
analyses of a number of these soils showing only from 
.004 to .083 per cent for the former, and .025 to .074 
for the hitter. As a general rule most arable soils 
contain over one-tenth per cent of nitrogen, or, say, 
over 3500 lb. per acre. A good pasture-soil, taken to 
a depth of 9 inches at Rothamsted, was found to con- 
tain about a quarter per cent. In ten samples of soil, 
taken to a depth of 9 inches, from different parts of 
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(Jreat rdtaiii mid Trelmid, Muiiro found from .128 to 
.695 per oeiit of nitro; 4 on, the av(U’;ii;o l)einL;' .2278 per 
cent. The Kothmu.sted soils, it may l)(i poinhul out, 
arc', ])rol)id)ly ])oor in nitroii;en compared with most 
soils. A. Midler’s investigations showed that in some 
of the soils he has analysed, the nitrogen amounted to 
little short of om^ per C('nt, whih'. for the others the 
averaj^e was over half a, i)er (“(uit; ('ven the poorer soils 
h(' examined contaiiu'd about one <piart-er ])er cent on 
an avau'aj^e. Anderson’s analyses of S('.otti.sh wheat- 
soils s1u)W(m 1 a variation of from .071 to .22 in th(‘ 
surfaei^-seil, whih', he found in tluur subsoil from .15 
to .92 per cent. lion ssin;^'au It’s results arii also very 
mucli hi<;her. Tins amount of nitr(\^eii in a nuinber of 
^oams comiiyi;' from wiihdy dilleimit localities ho ex- 
amined contained from (>000 to 20,000 lb. per acre — 
the soil taken to a depth of 17 incluis.^ 

Nature of the Nilrotjni in the Soil. 

When we (*ompare the amount of nitrogen removed 
by diirercnt croi)S (which, even in the ease of thos(! 
most exhanstivi! of nitrogen, does not often amount to 
more than 150 lb. ])er acre), with tin' amount con- 
tained in the soil, the former amount seems very iu- 
signilicant when compared to the latter. Such lieing 

^ The ('.oinpamtivcly in.si^nilicaiit clTect ilio addition of various 
nitrogenous inanuros have; in imreasing the total .soil-nitrogon is 
strikingly illustrated in the tables given in the A])|>endi\', Note IV., 
p. 11)7. 
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the case, it would seeui at first sight tliat the addition 
of nitrogen in the form of manures is (|nite su])erlluons. 
Wc must remember, liowever, that wliile the lolal 
amount of nitrogen is relatively large when compared 
to that removed hy (*rops, only a V('iy small ]n’opor- 
tion is in a condition (irid.litlile to the. plant. Tliis 
leads us to considm' the diirerent forms in which 
nitrogen is present in the soil, and their respective 
( plan ti ties. 


(h'(f(V)iic Kilmjcn in (he Hoil. 

Nitrogen occurs in the soil as orgjini(! nitrogen, 
nitric acid, nitrons acid, and ammonia. Hy far the 
largest pro|)ortion is present in th(‘ first of thes(i forms. 
This is a wise provision, for otlierwisii tlie soil would* 
he apt to become very speedily im])OverislKHl in nitro- 
gen; for that present as nitrates it has scarcely any 
power to retain, while that present as ammonia is soon 
converted into nitrates hy the process of uilrijimtion. 

The organic nitrogen of the soil, altiiough we arc ai)t 
to think of it as such, is by no means of a liomogencous 
character, or of cipial value as a source of plant-food. 
Some of it, it would seem from recent investigations, 
is in a condition more susceptible of being converted 
into an available form than the rest. Thus in the pro- 
cess of nitrification, a process which we shall consider 
at length immediately, there seems to be generally a 
certain small proportion more ready to undergo tliis 
change than the rest ; so that when this small amount 
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is used up nitrification proceeds more slowly. In 
short, although we as yet know very little of the 
nature of the organic nitrogen of soils, we cannot 
doubt hut that there is a ('nnstant scries of changes in 
its composition taking place, resulting in tlie gradual 
elaboration of more available forms, until ultimately 
these are converted into ammonia and nitrates. 

The great bulk of tlie organic nitrogen, however, 
in the soil must be n^garded as in an inert condition, 
and by no means avnilidde for the crop. Wliat the 
exact chemical form of this nitrogen is it is extreme- 
ly difficult to .say. Mulder was of tlu^ opinion that a 
considerable proportion was in the form of humate 
of ammonia. This opinion, as wo sludl have occasion 
to see immediately, was based on false grounds. It 
is highly probable that it may be in some form 
approximating to amide nitrogen. Its inert charac- 
ter is against the belief tliat it long remains as albu- 
minoid nitrogen. 

Different Character of Surface and Suhoil Nitroejen. 

A point of very considerable importance to notice 
is, that the nitrogenous organic matter of the surface- 
soil is very different from that found in the subsoil. 
This difference is shown by the variation in the ratio 
of nitrogen to carbon, which points to the fact that, 
just as we should naturally suppose, the origin of the 
latter is very much more ancient than the origin of 
the former. Thus in the first 9 inches of old pasture- 
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soil at Eothamstcd, the ratio was 1:13; wliilc in the 
subsoil, 3 feet from the surface, it was only 1 : (). 
In tlie surface-soil it thus approaches more nearly in 
composition ordinary vegetable matter. 

Nitrogen as Ain/iiionia in Soils. 

The second form in wliicli nitrogen is present in 
soil is as ammonia. A very considerabhi misappre- 
hension has existed in tlic past as to the amount of 
nitrogen in this form in soils. This mistake was due 
to the metliod adopted in estimating it, wliich con- 
sisted in treating tlie soil witli boiling caustic alkalies 
and counting as ammonia what was given oil* as such. 
It is now known that certain forms of organic nitrogen 
— as, for example, amides — if treated in this way are 
slowly converted into ammonia. Statements, there- 
fore, which are found in the older text- books, repre- 
senting the amount of ammonia in soils as at over a 
tenth per cent, must be regarded as utterly unreliable. 
Indeed it is highly probable that ammonia only occurs 
in most soils in very minute traces. From what we 
know of the process of nitrification, we see how it is 
wellnigh impossible that ammonia should exist to 
fuiy extent in the soil excejit under very exceptional 
circumstances. 

Amount of Ammonia p'cscnt in the Soil. 

lu ordinary soils it probably does not amount to 
niorc than from .0002 per cent to .0008 per cent, or 
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ail avoranc of .OOOG i*cv coiil.^ Tn ridi soils, or in 
gavdoii-soils, the a, mount may he considorahly more. 
Thus [) 0 ussin<,ainlt found in a i^aaden-soil .002 per 
eent. In peat and in peat-imudd even a- liiiiher per- 
centage has 1)0(01 found--viz., .018 for the former and 
.Of) for the latter. 

jji'csctil e.s‘ A m Ike koiL 

Thu Ihihl roriii ot iiil,rot;uii iu the .soil is nili'io ucul. 
It is iihiuulaiit iu lliis form than as aiuimuiia, 

but still, cumiiarca with the organic nitro»cn, its 
amount is trilling. I’robalily not more than ii pui 
cent of till! total nitrogen of a soil is e\'er present as 
nitrates, 'i’he reason of this is twofold. I'irst, as we 
hiive already I'einarked, the soil has vauy little power 
to retain nitrogen in this form; and secondly, whore 
the soil is covered with growing vegetation the nitrate, s 
are (piickly assimilatial by the, plant as they are Formed. 
It is for this reason that we lind the quantity of 
nitrogen as nitrates very much greater in tallow sods 
llian in those covered with a crop. 

Portion of Nitric A itroijcn in koil. 

As we sliall have occasion to scai more fully in ihi' 
following chapter on Nilriticalion, the formation of 
nitrates is chielly limited to the surface-soil, tlu' 
largest proportion heiiig formed within the first 0 oi 
12 inches. For tliis reason we lind the largest (piantit) 

1 Sot; storoi-’s Agrio. Ulioin., vol. i. p. -5^7. 
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of nitrates in the surface-soil. ?)iit inasmuch as they 
are easily waslied into the lower layers of the soil 
after formation, we often liml a considorahlc proportion 
beyond the first 9 inclies. The |)osition of nitrates in 
tlie soil thus di^pends very considerably on tfie season 
of the year and the weatlier. In dry weather, wliere 
the evaporation of the soil-watm- (akes place’, at a 
considerable rate, the te'.ndency will lie to conccaitrate 
the nitrates in the su})orlicial ])ortion of the soil. In 
wet weather, on the other liand, the. tendency will be 
to wash tlui nitrates into tlie lower laym-s. 

^iinounf >>f XI I rales in I hr hiolL 

The determination of the amount of nitrates in a 
soil is not of very great economic im[)ortance ; as this 
varies so much, and depends on such a number of 
differeiit conditions, such as tlie season, the condition 
of the land, and prevailing weather. A jioint of very 
much greater economic importance is the total amount 
formed in the year, and the rate at which nitrilication 
takes place. These ([ucstions will be discussed else- 
where, and therefore need not here lie referred to. Some 
hitercstiiig analyses made at Itothamsted, however, 
of the amount of nitrates in soils at dillereiit depths, 
merit careful consideration. 

Nitrates in Fallow Foils. 

Ill the Appendix to the chapter on Nitrification/ 
^ Sec Chapter IV., AppeuJi.x, Note VII., p. 198. 

I 
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will be found a lalde contaiiiiiig’ the ainouiits of 
nitrates found in the first 27 inches of fallow soils. 
The amounts vary from 33.7 lb. to 59.0 lb. per acre. 
The analyses were made in S(;piem1)er or October. 
In four out of the six analyses, it will be found tliat 
by far the largest proportion is found in the first 
9 inches. In these eases the ])receding summer had 
been dry, and thus tlie nitrates had not been washed 
down to any depth. In the other two cases the largest 
amount is found in the second 9 inches of soil, and 
a c'onsiderable amount is also found in the third 9 
inches. 


Niirali'H in (Jrojfpcd Sol/s. 

In the case of cropjied soils wo lind tlie amount 
of nitnites very much less. A talde containing an 
elaborate series of determinations of nitrates in 
cropped soils, I'cceiving, however, no manure, and 
takeii to a depth of 9 feet, will be found in the 
Appendix.^ The first 27 inches only contain some 
5 to 14 lb. per acre, and the most of that is found 
in the first 9 inches. This shows how speedily nitrates 
arc assimilated by the growing crop. An interesting 
point shown by these analyses is that nitrates almost 
entirely cease in cropped soils a certain depth down ; 
but that at a still lower depth they again occur in 
small (piantities. 


^ See Appendix, Note III., ]). 157. 
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in manured Wheat-mh. 

Liistly, we give in the Appendix^ the amount of 
nitrates found in wheat and harl(‘y soils, differently 
nuinured, at liothamsted. From a perusjd of these 
tables, it will he seen that the amount (under various 
conditions of manuring) of nitrates in the first 27 
inehes varies from 21.2 lb. per acre to 52.2 11). for the 
wlieat - soils, and 20.1 to 44.1 Ih. per aere for the 
barley -soils. 

The Sources ok Soti.-nitrooen. 

We shall now consider the sources of soil-nitrogen, 
the conditions which determine its increase, and the 
amount of that increase, as well as the sources of loss, 
and the conditions which determine this loss. 

'I'hut disjoin'd, in laiin. 

The natural sources of the soil-nitrogen are several. 
We have first of all th(‘ atmospheric nitrogen. Of this 
let us first consider that present as combined nitrogen. 
This, as we have already seen, consists chiefly of 
nitrates, nitrites, and ammonia, and reaches the soil 
dissolved in rain or in other meteoric forms of water, 
«uch as snow, hail, fog, hoar-frost, &c. 

That uhsorhed 5// the Soil from the Air. 

It is also absorbed by the soil from the air, especi- 
idly when the soil is in a damp condition, as has been 
^ See Appendix, Note IV., p. 157. 
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])r()vcd Ly Sclilocsing’s exporiinciits, already referred 
to. The total anioant wlddi falls dissolved in the 
rain, per acre per a,nnnni, varies very considerably in 
different parts of the world, hut in any case ordy 
amounts yearly to a few pounds ]>cr acre,^ That 
ahsorhed by the soil from the air may be ])robal)ly 
very much more considerable. Scldoesing in ids ex- 
periments found that tins latter might amount to 38 
11). per acre per annum, 'riiesc results, however, were 
obtained under circumstances most favoiiral>le for ab- 
sor])tion — viz., with a damp soil and in the vicinity 
of Paris, where the air is presumably ricluir in (‘oni- 
bined nitrogen than it is in the country. The nitrogen 
absorbed, it may be mentioiu'd, was almost entindy in 
the form of ammonia. It is to be noted tliat the 
nitrogen the soil obtains in this way from the com- 
bined nitrogen of the air is not all pure gain. With 
regard to the nitrates and nitrites, no douht most of 
these are formed by electrical discharge, although a 
small portion of them may be formed by the oxidation 
of ammonia by means of ozone .and peroxide of hydro- 
gen. With regard to the ammonia and the combined 
nitrogen present in the organic ])articles in the air, a 
not inconsideraljle proportion is probably derived from 
the soil. Schloesing considers the chief source of tlio 
ammonia present in the air to be the tropical ocean ; 
but we must remember that the source of much of the 
nitrogen in the tropical ocean is, after all, the soil. 

^ See Appendix, Note I., p. 155. 
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Lcaviiij^' asi{l(3 I'or a Diomcut the qiiostion of the 
availability of tlio fre(‘ iiitia\L;oii of tbo air, lot us 
consider the other sources of soil-iiitrogeii. 


Amimnldiion of ti<dl-nitro(jni under Xaiural (JondUions, 

Th(i chief source is of cours{; the o'.iiiains of veL;e- 
tabhi and animal tissmO J‘lants are the i^reat con- 
s(‘rvers of soil-nitroiL^en. Hy assiuiilatiuL;- sucli available 
forms of it as nitrates, and converting them into 
organic, nitrogen, tliey prevent the loss of this most 
valuable of all soil constituents that would otherwise 
take plai.*e. 

They (dso serve to collect the nitrogen from the 
lower soil-lay(!rs and concamtrate it in tlie surface 
])ortion. In a state of natung where tlie soil is 
constantly covered with V(*g(itation, tlu'. ])rocess going 
on, tlierefore, will be one of steady accuinulation of 
nitrogen in the surface-soil. To what extent this 
accumulation goes on, and how far it is limited by 
the conditions of loss, will b(3 (;onsid(‘.red immediately. 
Tliat it may go on to a very great extent is amply 
proved by the existence; of the so-called virgin soils 

^ 'I'hc original source of tlie nitrog(*n in the soil must have been 
tlie nitrogen in tho air. Wlien plants first hegin to grow on a pun-ly 
’nineval soil, they must obtain nitrogen from .some .source. Tiie .small 
ti'a(?e.s washed down iu the rain will supply sufficient nitrogen to 
' liable a scanty growth of tho lower forms of vegetaldo life ; whereas 
tlic.se hy their decay funii.sh their sueeessor.s with a more abundant 
•'^ciirre, which rapidly increases, until we have a fair percentage of 
liuiuus accumulated. 
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of countries like Amtu'ica and Australia. There are 
cases, also, where the accumulation of nitrogen is 
])ractically unlimited, although the result in such 
cases is not necessarily a fertile soil. Such cases are 
peat-bogs. Hut let us pass on to the acauunulation 
of soil - nitrogen under the ordinary conditions of 
husbandry. 

Ammidation of Nitrogen in radure.^. 

Tlie case wbicb, und(U‘ tlie conditions of ordinary 
farming, most rcs(unbles ji state ol nature, is that of 
permanent pasture. It will be best, therefore, to 
study first the conditions under whicli gain of nitrogen 
takes place in this case. 

rnerrase of Nitrogen in the mi of Fad ure-lemd. 

That there is a steady imunase of nitrogen in the 
soil of land under pasture is a fact of universal ex- 
perience. The older a pasture is the richer is its soil 
in nitrogen. The comparison of the analyses of the 
soil of arable land with the soil of pastures of dif- 
erent ages shows this in a striking way.^ Thus at 
Eothamsted it was found that while the amount of 
nitrogen in an ordinary arable soil was .140 per cent, 
that in pastures eight, eighteen, twenty -one, and 
thirty years old was respectively .151, .174, .204, and 
.241 per cent. In the last two analyses we have a 
record of the actual gain in nitrogen made by the 
^ Sco Appendix, Note V., p. 158. 
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same pasture, tliis bein.i^ .04 per cent in nine years’ 
time. From these statistics it may be inferred that 
the surface-soil of a jiastiire may increase at the rate 
of 50 11). })er acre ])er annum. A point of <^reat 
interest in couneetion with this subject is the fact 
tluit there seems to he a limit to the accumulation of 
nitrogen in pastures ; for it would seem tliat pastures 
centuries old are nut any richer in nitrogen than those 
thirty to forty years old. 

of Nit roijcii vntk Nyiminous Crops. 

Another case where the gain of nitrogen to the 
surface-soil is very striking is in that of leguminous 
crops, such as clover, beans, ])cas, t'vc. This fact has 
been long recognised — esp(‘cially with regard to clovci' 
— l;)y farmers, and has been largely instrumental in 
leading to the investigation of the “free” nitrogen 
(picstion. That a soil bearing a leguminous crop 
increases in nitrogen at a very striking rate is a 
problem that requires to be solved. A partial ex- 
planation of the phenomenon is found in the extra- 
ordinary capacity such a crop as clover has, by means 
of its multitudinous and ramifying roots, for collect- 
ing nitrogen from the subsoil. This, however, would 
only account for the increase in nitrogen to a certain 
extent. There must be some other source, and the 
oidy other source is tlie air. That the free nitrogen 
of the air is, after all, available for the plant’s needs, is 
a supposition which has long seemed extremely prob- 
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a1)lG, and vvhicli, within tlie last few years, lias been 
proved lieyond doubt to be a fact in the Ciise of Icgu- 
niinous jdants. 

The FLe/e/ion of"' Free'' Nitrogen. 

The nietbod in wbicb these jdants are able to nndee 
use of the free nitrogen is still a point reipiiring niucb 
researcb. So far as the question is at present investi- 
gated, it would seem that the iixation is efleeied by 
means of micro-organisms pre.scnt in tubercles or root 
cxcrescMUices found on the roots of leguminous ])lantsd 
Not merely has this been placed beyond doubt, but 
attempts bave.beiui made to isolate', and study the 
bae'teria elTecting this fixation. From Nobbe’s ex- 
ceedingly interesting experiments, recently carried out, 
it would seem that the different binels of leguminous 
plants liave different bacteria. Thus the bacteria in 
the tubercle on the pea scemis to be of a different 
order from the bacteria, in the tubercles of the lupin, 
and so on. This discovery is of great importance, it 
need scarcely be pointed ont, as it throws much light 
on the principles of the rotation of crops. 

Infbienec of Man ures in inereaFi ng Hoil-niirogen. 

It may be doubted, however, if under any other 
conditions there is a positive gain of soil-nitrogen. 
In other cases the amount in the soil is only viain- 
tedned under liberal manuring. In connection with 

^ Sco Historical Introduction, pp. 40-‘ir). 
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this point a very striking;- fact lias been observed witli 
l egard to tla^ effect of eontiinioiis lari^e a]>plicati()ns of 
farmyard manure. It lias b(‘eii found at .Ilotlianisted 
that in siicli a case, after a wliile, tlu; manure does not 
seem to increase tlie soil-nitn\i;(m, althongli wliere tbe 
nitrogen goc'.s to nmiains a mystery. In tlie casi* of 
(he ap])lieation of artificial manure's, tliere does nut 
seem to be almost any appreciable gain to the soil- 
nitrogen. The soil - nitrogen is only increast'd by 
means of tlie residue of crops. In tbis way, of 
coarse, by increasing the amount of tbis crop-residue, 
artihcial manures may be said indirectly to increase 
tlie soil-nitrogen.^ • 


Sources of Loss of Nitrocex. 

We now come to consider the sources of loss. The 
child source, of coiirsi*, is that by drainage. Land 
under cultivation will suffer very miieli more from 
this source of loss than in a state of nature. Our 
uiodern system of busliandry, involving as it does 
thorough drainage, can scari'cly fail to very consid- 
c'rably increase this source of loss. 

Lo^s of Nitrates hj/ Dramage. 

The form in which nitrogen is lost in this way is 
nitrates. It is a somewhat striking fact, and one 

' The evidence demonstrating tliis is to be found in the fact tliat 
animint of carbon found in diifcrent soils rises or falls in propor- 
d»>u to the nitrogen. See p. 126. 
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wortliy of note, tliat of the three important maniirial 
ingredients — nitrogen, phosphoric acid, and potash, the 
first of these, in its final and most valual)le form, is 
alone incapable of ])eing fixed l»y the soil, and thus 
retained from loss hy drainage. 

As nitrates are constantly being formed in the soil, 
the loss to its total nitrogen must be considerable. It 
is due to the fact of the gi'cat solubility of nitrates, 
as well as to the fact, as already mentioned, of the 
incapacity of the soil-particles to fix them. To this 
one exception must be made. According to Knop, 
small quantities of nitric acid are held in the insoliihlc 
condition in «6oils in the form of highly hnsic nitrak^ 
of iron and alumina. The (piantity, however, of these 
insoluble compounds prol>iibly amounts to a very 
minute trace indeed. 


kcrnianc.nt Padurc. and “ (/(drh-eropping” 
prrirnfH Ja)ss. 

The amount of loss varies, and will depend on a 
number of different (urcumstance.s — thus the nature 
of the soil, climate, and season of the year will all 
influence its quantity. The way in which the soil is 
cultivated is also another important factor. Where it 
is constantly covered with vegetation, as in the case 
of permanent pasture, the loss will be at a minimum. 
Under such conditions, plant-roots are always Uicro 
ready to fix, in the insoluble organic form, the soluble 
nitrates as they are formed. A consideration of this 
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fact forms one of tlic strongest arguments in favour 
of the practice of what is known as “catch-cropping.” 
The practice consists in sowing some (pi ickly -growing 
green cro]) — c//., vi,vdnrJ, vdchr>^, — so as to occupy 
the soil immediately after harvest, and subsecpiently 
to plough it in. The nitrates, which it is known are 
most abnndantly formed towards the end of sumnnn’,^ 
and which are allowed to accumulate in the soil 
from the period at which tlic active growth of, and 
consecpieiitly assimilation of nitrates by, the cereal cro}) 
have ceased, arc thus lived in the organic matter of 
the plant, and removed from danger of loss by drain- 
age incidental to autumn rains. 


Otlwr Condilions (llni inds/rinf/ Loss of Niiroivs. 

Tim nature of the soil is another important con- 
dition regulating this loss. Some soils are very much 
opener and more porous than others; in such soils, 
of course, the loss by drainage will be greatest. We 
are apt at first sight, however, knowing the great 
solubility of nitrates, to overrate this source of loss. 
AVe have to remember that while nitrates are con- 
stantly being washed down to the lower layers of the 
soil, there is likewise an upward compensating move- 
ment of the soil-water constantly taking place. This 
is due to the evaporation of water from the surface 
of the soil, which induces an upward capillary move- 
^ See Chapter IV. on Nitrification. 
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ment of water from its lower to its higher layers^ 
This upward movement of water is very mueli in- 
creased, ill the case of soil covered witli vegetation, 
by tlie trans|)iration of tlie plants. Tlie climate and 
tlie season of the yi'ar will aHeet tin; extent of this 
ipiward movmmnit. Where there is a lieavy rainfall 
it will he very mneli less tlian in dry climates. After 
a long period of dronglit the nitrates will be found 
to lie conee.ntrated in the toj) few inches of the 
soil ; and in hot climates this sometimes takes place 
to such an extent that the surface of tlie soil has been 
actually covered with a saline crust, caused by the 
rapid evaporation of soil-water under the intlueuce 
of a, burning tropical sun. Trom this point of view 
it will be seen how very much less powerful a single 
shower of rain is — even although at the time it is 
heavy — in causing loss of nitrates hy drainage, than 
a continuance of wet weather. In the former case, 
where the showers aia^ separated by an interval of dry 
weather, the nitrates washed down into the lower 
layers of the soil are slowly brought up again by the 
capillary action caused by evaporation. 

Amount of TAm hj Drainage. 

What the actual amount of loss is which takes 
})lace in this way it is wellnigh impossible to say. 
What it amounts to under certain definite circum- 

^ Dilfusion as avi‘11 as capillary attraction is a means of bringing 
nitrates again to the sui face-soil after rain. 
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stances lias been discovered by actual experiment 
at Iiotbamsted. Takine;' the cii'cumstances most 
favourable to extreme loss — viz., unmanuiXMl fallow 
land — the highest amount registered at liotbamsted 
for a year is 54.2 lb. per acre from soil 20 inches 
deep, while the smallest Ji.mount is 20.0 lb. in 
the former case, the drainage-water was eipii valent 
to 21. ()G inches, while in the latter, to 8.00 inches. 
The average for thirteen years on unmanured fallow 
soil lias been o7.2 lb. (for 20 inches), 22.0 11). (for 40 
inches), 25.0 lb. (for 00 inches), hlu' point of esjieciid 
interest in this connection is that an annual loss of 
nitrogen, e(|ual to over 2 cwt. of nitrate of soda, may 
lake place from a comparatively poor arable soil 
lying fallow. 

The loss on crojiped soils is of course very much 
iess“in short, should amount to very little — espe- 
cially in pci'inanont pasture, where it is reduced to 
a mininium. Taking an average, ]\Ir Warington is 
of opinion that the loss in England may be put at 
8 lb. per annum per acrc.^ 


Lo!^s in Form of Free Niinnjm. 

The other chief natural source of loss of nitrogen 
is due to its escape from the soil in its “ free ” state. 
This source of loss is very much less important than 
that by drainage, and probal)ly amounts to very little. 

' Appendix, Note VI., }>. 158, and Note YJII.,p. IGO; also 
!»• 154 . 
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That, liuwcver, it takes place is beyond a doubt ; and 
that it may — as we shall see hy-and-hy — under certain 
circunistaiK'es amount to something very considerable 
is also ])roved. Where large (piantities of nitrogenous 
organic matter decay, and where, consequently, the 
su})ply of atmospheric oxygen is insuHicient to efrecl 
complete oxidation, “ free” nitrogen may he evolved in 
considera]>le < piantities. Similarly, it may lie evolved 
in the case of v(\getahle matter decaying under water, 
in soils rich in organic matter the reduction of even 
nitrates may take idace, accompanied with the evolu- 
tion of free nitrogen, which is thus lost. 

To/(fl Aniouitf of of NilviKjai. 

What tlie rate of total loss of nitrogmi is from tiiese 
diirerent sources does not admit of easy calculation. 
Sir John La.wes, in dealing with the (piestion o? soil- 
fertility, estimated some years ago, by comparing the 
soil of old ])asture at llothamsted with that whicli 
had been under arable culture for 250 years, that 
during that period some JOOO lb. of nitrogen per acre 
had disa})pearcd from the arable land. Examples 
of decrease of nitrogen in liothamsted soils, under 
various conditions of culture, will be found in the 
Appendix.^ 

/>os.s' of Nitn)(jm hij Jidrogrcssiun. 

A source of loss of nitrogen may be here nien- 
^ Sec Appendix, Note VI 1., p. 159. 
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tioiied wliicli liiis to do with diniinutiou of luiioiiiit of 
aviiilable nitrogen, rather than absolute loss of nitrogen 
to the soil, and which we may t(‘rin /fAss by rdroyrc^doii. 
Nitrogen in an available form, sucli as nitrates, has 
Ixarn found to he converted into a less availidjle form. 
This retrogression may l)e ('hec'U^d, as in the ease of 
nitrates, by reduction — v.o, l)y removal of the oxygen 
in eomhination with the nitrog(‘n, which in many cases 
may be. set free, and thus partially although not neces- 
sarily entirely lost. Sueh reduction is due to the action 
of bacteria of tin; denitrifying order.^ ( )r, on the other 
liaiid, nitrogen may be converted into some kind of 
insoluble form which seems to resist decomposition, 
and lies in an iiKU't condition in the soil utterly 
unavailable foi' the plants’ needs. A striking examt)le 
of this retrogression of nitrogen seems to be {iHbrded 
in th? case of farmyard manure. It has l)een found 
in tlie Uothainsled exjieriments, as has been ])ointed 
out in the preceding i)ages, that when farmyard 
niaiiure is a})plied, year after year, to the same land in 
large cpiantities, a very consideralde percentage of its 
nitrogen does not (kr., within a reasonable number of 
years) become available for the crop’s uses. What, 
indeed, becomes of the nitrogen is a mystery; but 
it is highly probable tliat some such kind of retro- 
gression as that above referred to, whereby the 
nitrogen is converted into some inert organic form, 
takes place. 

^ See following Chapter ou Nitrification, p. 178. 
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Artificial /^ovrccs of Losi^ of N itrogen. 

So far, tlic soiir(‘(!S of loss of iiiiroi^cn considered luive 
bei^ai what wo may term naiund sources. ]ly this is 
meant that the loss of nitrogen from the ahove sonrees 
takirs |>hiee in a state of nature;, and not merely under 
conditions of cultivation. No douht the loss due to 
drainage is very much grciiter iindeu’ arable farming 
than would he the ease; wliere artificial drainage does 
not obtain; still, under any conditions, this loss must 
he nickoiu'd with. On the other hand, by artificial 
sources of loss are; meant those entirely dependent on 
e)nr moelcrn syste;m e)f agriculture and e)ur modern 
system of sewage elisposal, whe;rehy the nitrogen coin 
tained in that pe)rtion of the produce of tlie farm 
which goes te; sn])[dy our foeal is not returned to the 
soil, hut is te)tally le>st. 

AiiwinU of Nitrogen removed in Crops, 

The meielern tenelency teiwards centralisation in large 
towns has re;nder(;el this loss — despite all that has 
been said tei the contrary — a necessity. It is ex- 
tremely dillicnlt, however, to form any estimate of its 
amount. We know, of course, the amount of nitro- 
gen removed from the soil by different crops. We 
cannot, however, estimate how much of this may liml 
its way back again to the soil. The amount of nitrogen 
contained in the different crops will be fully dealt with 
in the chapter on the manuring of different crops. 
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It iiiiiy 1 h‘, liowever, not witliout interest to liere 
some Mp])roximate imlication of the amount of this 
loss, in order to render the view of the suliject as eom- 
preheiisive as possible. 

lieeeiit agricultural returns for (Ireat Britain give 
the total produce of v'liait at over 7d million bushels, 
that of harlcji at over (iO million, and that of at 
over 150 million. Calculating the a, mount of nitrogen, 
these quantities of wheat, barley, and oats res[)ect- 


ively and 

collectively 

contain, am 
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27,;324 

12 ; 

s,8i:3 

105,800 

Oats . . 
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50,8:35 

20 

7 , 9:30 
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Total 

200,002,022 

121,501 

57 

:3,214 

7:38,2:30 


Of course thes(‘ ligures, so far as the amounts of 
nitrogen are concerned, can only be regain h‘d as ap- 
proximate, as it is only possible in such calculations 
to ol)tain approximate results. Accepting these cal- 
cuhitions as merely approximate, they are, neverthe- 
less, of the highest interest and inq)ortance. It is of 
great importaiice to understand that in the annual 
produce of our three common cereal crops — supposing 
Ihein to be all consumed off the farm— there is re- 
moved from the soil a (piaiitity of nitrogen equal to 
that contained in over hdf a million tons of suljjhate 
K 
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of amnionia, and three ffuarters of a oiillion tons of 
nitrate of soda. 

As lias already been remarked, it is impossible to 
estimate exaeily what jirojiortiou of this total nitrogen 
linds its way baek to the soil. In the case of wheat, 
it may be pointed out that the portion wliich is used 
as a fecding-stiiH— vi/., hran — is very mucli richer in 
nitrogen than tlie flour. \Miile, then, we arc unable 
to estimate with any exae.titude this source of loss 
of nitrogen, it cannot for a moment be doubted that it 
is enormous, from what lias been already stated. \Vc 
must remember that the jiortion of the crop richest 
in nitrogen is that which is generally removed — the 
stniw wliich is grown in ])roducing a bushel of wheat, 
barley, or oats, containing less than half the amount 
of nitrogen contained by a bushel of the grain itself. 

Losses (f Nitnxjcn vnnvrrcit on the Farm. 

In addition to the loss due to removal of crops from 
tlie farm, tliere are one or two other sources of loss 
which it may be well to briefly refer to. 

Loss in Treatment of Farmyard Manure. 

There can be little doubt that in tlie past a very 
considerable source of loss was the improper treatment 
of farmyard manure. The way in which this loss 
may take place will be fully considered in the chapter 
on farmyard manure. Sullice it to say here, that this 
may take place by volatilisation of the nitrogen as 
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carboluitc of aniiaoiiia, caused by carelessness in 
allowing the tcnipcratnrc of the manure-heap to rise 
too higii; or by drainage of tlic soluble nitrogen com- 
pounds, caused by allowing the rich black liquor of 
the manure-hea}) to lx; wasluul away, and not properly 
conserved. 

Xi/roijai ixiiiorcd in Milk. 

Another source of loss wliich is a]>t to be over- 
looked is the amount of nitrogen removed in milk, 
krofessor Slorer has calculated that in the case of a 
cow giving 2000 (piarts, or 4300 lb., of milk in a 
year, and the milk being all sold as such, there would 
he carried away from the farm 22 lb. of nitrogen.^ 

Xfoiwinics of ilw Nilrof/cn i/firslion. 

And here, before concluding our survey of the 
OiHerent sources of loss of nitrogen, it may be well to 
regard for a moment the subject from a somewhat 
wider standpoint than that from which we have been 
considering it. The total sui)ply of nitrogen in a 
cuinbiiied form is limited. As we have pointed out, 
it may be regarded as the element on which, more 
fhan any other, life, animal as well as , vegetable, 
depends. To animal life it is alone available in com- 
bined form; to vegetable life it is chiefly also only 

' According to tlie Agricultural Keturus for 1888, tin* number of 
'■ows ill milk in Great Britain aniouiitctl to 2,450,444. It we multiply 
tills number by 22 the result is 54,000,000 lb., or in tons 24,107. 
lids tpiantity represents 154,007 tons of ordinary commercial nitrate 
"f soda. 
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avuiluble in combined form. In tlie air we have an 
nnlimilcd quantity of nitroL^cn, but it is almost entirely 
in an unimihviml form, and therefore largely unavail- 
able. The (ionversion of nitrogen from the free state 
to a combined form is a ])rocess whicb takes place oidy 
very slowly. Any soun.’o which diminishes the sum- 
total of our already all too limited sup]dy of combined 
nitrogen must be regarded as worthy of most serious 
consideration. The (piestion, therefore, of the artificial 
waste of nitrogen daily taking place around us, is one 
which ought to possess for economists a very great 
interest indeed. This waste has, of bite years, enor- 
mously increased, and would seem to threaten us at 
no very distant dale with a nitrogen famine. It is 
incidental to the use of certain nitrogenous substanc(‘s 
in the manufacture of various articles, and to our 
present system of sewage disposal. 

/aAs.s- of N it/ivij(%-com/pounds ai the Arts. 

The artichis referred to arc sucli as explosives, 
starch, textile substances, malt li((Uors, Ac. The ([ucs- 
tion is strikingly dealt with in an able ])iiper on ‘'The 
Economy of Nitrogen” in the ‘Quarterly Journal of 
fSciencc.' ^ 

Loss dm to J^sc of (tunpoirdcr. 

The explosives — more particidarly gunpowder-'-arc 
the most important nf these articles. Gunpowder 

^ For 1878 (p. 146 ct scq.) The reader interested in the subject 
is referred to tlie pa])er itself. 
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contains 75 jDcr (‘.ent of saltpetre, which in its turn 
contains al»oiit 10 per c('nt of nitrog(*n. When i^'iin- 
powdcr explodes, practically the whole of this nitrogen 
is converted into “ free ” nitrogen. The loss is thus in 
a sense irrepainhle. Tn the paper above referred to, onr 
total annual ex])()rts of this snhstanc(‘ are cstiniat(!d at 
19,000,000 11).; while the total annual production of 
the world is estimated at not less than 100,000,000 lb. 
The annual loss of nitrogen due to this source alone 
would amount to about 10,000,000 Ib.^ Similarly, loss 
of iiitrogsui, alihough to a l(‘ss extent, is caused by the 
use of other ex])losiv(‘s, as well as in the manufacture 
of the other artich'S above, mentioned. 


Loss dvv to Sewoffr ])ispoH((L 
The loss due to our present system of sewage dis- 
imsal has beam already taken into accouiit in dealing 
with tlui loss due to rtmioval of (;rops. It may be 
Well, however, to treat it from the sewage fispect. 
Taking the amount of nitrogen in the excreta of every 
individual as, on an average, half an ounce, the annual 
amount voided in the excreta of the total population 
‘d' the British Isles would amount to 305,000,000 Ib.- 
of this, the amount in tin; London sewage alone being 
^1,000,000 Ib.^ By the water system, which is almost 

’ In tons 4464, and represents 28,530 tons of nitrate of soda. 

This in tons 162,94(5, which represents 1,041,384 tons of nitrate 
"f.soda. 

' This in toms 40,625, which represents 259,633 tons of nitrate of 
^*"la. See paper in ‘ Journal of Science’ already referred to. 
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universally adopted in tliis country, the above quantity 
of nitrogen is entirely lost to the soil. A small portion 
of it, it may he argued, is eventually recovered in sea- 
weed and fish, which may be used for inaiiure. Tliis, 
however, is to argue too much f^id) specie (rUriiUatis. 
Not all the nitrogen originally present in the excreta 
finds its way into the sea ; for it is highly probable 
that a considerable quantity escapes in the process of 
the deconqiosition of't-he sewage as “ free” nitrogen. 

From the above statement of the sources of loss and 
gain of nitrogen taking place in the soil, it may be 
pretty safe to conclude that while in a state of nature 
the gain balances the lo.ss, if iiuleed it does not do 
more, under conditions of arable farming such is 
very far from being the case; and that if fertility of 
the land is to be maintained, recourse to nitrogenous 
manures must be had, ---in short, that the application 
of artificial nitrogenous manures is a necessary condi- 
tion of modern husbandry. 

Our Artijicpd NUroffen Hupply. 
llefore concluding this chapter, it may he interest- 
ing to enunuu’ate very brielly the chief sources of oiiv 
artificial nitrogen sup])ly. 

Nitrate of Soda and Sulphate of Aumonia. 

The most important artificial nitrogenous manures 
in use at present arc nitrate of soda and sulphate of 
ammonia. Of the former, the annual exportation from 
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Chili is close on one million tons, of which quantity 
nhont 120,000 tons is imported into the United Kin*^- 
dom. Of sulphate of ammonia, on the other hand, the 
total production in this country is about 120,000 tons' 
per annum, ^ the greater pro])ortion of which is ex- 
ported, leaving only from 20,000 to 40,000 tons for 
consumption. Nitrate of soda, it must be remem- 
bered, is not entirely used for manurial purposes, a, 
small proportion of the abov(5 imports being used for 
chemical manufacturing purposes. 


Penman Giamo. ■ 

rernvian guano is another important nitrogenous 
manure very much h^ss abundant now than formerly, 
as the (liiTercnt guano-heds have become nearly ex- 
hausted. While the imports of this important manure 
into the Unit(!d Kingdom amounted in 1870 to nearly 

250,000 tons, at present not more than 11,000 tons 
are being imported. 


Jioncx. 

A further source of nitrogen is bones, which, of 
course, arc chielly valuahle as a phosphatic manure, but 
wliich contain also some 2 to 4 per cent of nitrogen. 
Of this valuable manure we import at present about 

20.000 tons, while about 00,000 tons are collected in 
tins country, bringing up our total consumption to 

100.000 tons. 

' Rnropo’.s total production may bo stated at 200,000 toii.s. 
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(Hki'y Nitrogcmrm }1anvr(’}<. 

The above iiieiitioiied are the most important of 
•nitrogenous manures; there arc, however, a numher 
of otlu',r nitrogenous manures used in this country 
in very much smaller quantities. As most of these 
substanc(*s are niadi? in this country, it is very difficult 
to estimate the amount of their annual ])roduetion 
with exactness. These substances are as follows: 
fish-guano, meat -meal guano, dried blood, shoddy, 
scutcli, horns and lioofs, hair, bristles, feathers, 
Icather-scra]), Ac. Of fish-guano, the total consump- 
tion per annum may be put down at about 8000 
tons, of wliich a fourth is imported into this country, 
the remaining GOOO tons being maimfactured at 
home. Of meat-meal gujinO, dried blood, hoof-guano, 
Ac., about 2o()0 tons are annually imported, the home 
production l)ringing up the total amount to some 
10,000 tons. Of shoddy, some 1.2,000 tons are man- 
ufactured in tliis country; while, scutch — the name 
given to a manure manufactured from the waste 
products incidental to the manufacture of glue and 
the dressing of shins — is produced oidy to the ex- 
tent of a few tliousand tons annually. 

.Tt is a fact wortliy of notice, that while the use of 
phosphatic manures has increased very considerably 
of late years, the same cannot be said of nitrogen. 
According to Mr irermaim Yoss, some 84,000^ tons 

’ tons of wliicli were a.s guano. 
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of iiitroopii were used in the form of artilicial man- 
ures in 187i), whiles now only about 28,000 tons are 
used — ^h'., some 6000 tons less. 

and Odcalr.s. 

There still remains a very important source of 
iiitroo'en wliicli lias not yet liemi mentiom'd, in the 
sha])e of oil- seeds and oilcakes, used for fei.'dinj.^ 
purposes. Oilcakes are both manufactured in this 
country and imported in lari^e (juantities. Kecmit 
Affricultural IJeturns show tlu', total ini[)orts of oil- 
cakes at 250,21)0 tons ; that of linseiMl at 870,000 
tons; that of rape-seed at 80,000 tons; and that of 
cotton-seed at 289,418 tons. 

Other imparted Sources of Nitroi/en. 

We have further, in considerini;’ this (juestion, to 
take into account the large amount of mai/e, ])eas, 
heans, wheat, and oats which are imported into this 
country, a certain quantity of which is used as cattle- 
toed, and will tlierefore go to enrich their manure. 
Also the imported straw used for purposes of litter 
iinist not be forgotten. In 1887 this amounted to 
'*-,898 tons. 


Condndon. 

tn conclusion, it may he asked how far are the 
•'^I'tificial sources of nitrogen able to make good the 
In the opinion of such a reliable authority as 
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Sir Jolni Law('s, tliay do not. Tlicre are somo soils 
wliicli depend almost entirely upon imported fertility, 
and eonld not bo (adtivated without it. Upon some 
of them it is possible that the imports of nitrogen are 
in excess of the ex])orts. Taking the agrienltnral 
acreage as a wlioh;, liowciver, he is of opinion that 
there is a decided loss of nitrogen, which he estimates 
at from 15 Ih. to 20 lb. per acre, per annum} 

^ Mr "Warheifton esliniiitfs tliis at alxjut 8 lb. Si'c ]>. Ml. 
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AriM^:NJ)IX TO ClIATTKi; III. 


NOTK 1. (i>. 11!)). 

Determinations of the (Quantity ok Nitrooen surPLiEi) 
RY IIatn, as Ammonia and Nitric Acid, to an Acre 
OK Land, during One Year. 

{From Dr ^ Soil a and Iheir F roifartics,^ \k (12.) 




' 1 

Nitrugen ])er 

Total 




millidii. as 


Year. 

Rain- 

fall. 

Am- 

Nitric 

Nitn igen 
per 


. 


monia. 

Aei(.l. 

acre. 

Knsclicii 

ISCiI-fi.') . 

11.85 

0.54 

0.10 

lb. 

1.80 

If 

ISij.'i-liCi . 

17.70 

O.ll 

0.16 

2.. 50 

fiisU'rburg . 

lS()1-i'.5 . 

27.5.5 

0..55 

0.20 

5.4!) 

lS()5-t50 . 

22.7!) 

0.70 

0.4!) 

0.81 

Daliiiio .... 

is(ir. 

17.01) 

1.12 

0.20 

0.00 

Rfginiwaldu . 

1S61.C.^ . 

2S.48 

2.02 

0.80 

15.00 

ISIKi-GO . 

1!).;U 

1.88 

0.48 

10.28 

11 ... 

iscic.-o; . 

1 25.27 ! 

2.28 

0.50 

10.44 

Iila-MariculiiRto, mean 


1 



1 0.02 

(if six years 

isori-To . 

' 22.05 i 



I’roskan 

' 18(’.4-G5 . 

: 17.81 

2.21 

1.'72 

' 20.01 

Kloreiieo 

1870 

' 30.5.5 

1.17 

0.41 

12.20 


1871 

' 42.48 

; 0.81 

0.22 

0.8!) 

M ! . . 

1872 

50.82 

I 0.82 

0.2i’. 

12.51 

Vallninbro.sa . 

1872 

71). 82 

; 0.42 

0.15 

10. .28 

Mont.suuris, Paris . 

1877-78 . 

: 22.02 

1 1.01 

0.2! 

11.54 

1878-7!) . 

! 25.7!) 

1.20 

0.70 

11.10 

M ... 

187!)-S0 . 

' 15.70 

i’" 

1.00 

1 

10.52 

-! 


Mean of 22 years 

27.0.2 


i 

1 

10.22 
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Ari‘ENDIX TO CHArTEll III. 


NOTE II. (p. 122). 

Nitrogen in Soils at Various Depths. 


(I) Ilothamskd Soiln. 



— 


— . — 



AraMc soil. 

Olil piistiire. soil. j 


per cent . 

11). per Jicrc. 

per cent. 

11). per aci’(.‘, 

1st 1) ilK'llOS . . 

0.120 

3,015 

0.245 

5,3.51 

‘id 1) .. 

O.OthS 

1,629 

0.082 

2,313 

3(1 9 H 

0.059 

1,161 

0.053 

1,580 

4th 9 M . . 

0.051 

1,228 

0.016 

1,412 

r)th9 11 . . 

0.045 

1,090 

0.042 

1,301 

(Ith 9 ti . . 

0.011 

1,131 

0.039 

1,186 

Total, 54 inelios 


9,551 


13,143 

7tli 9 inches . . 

0.042 

1,019 



8th 9 u . . 

; O.OII 

1,095 



9tli 9 1. . . 

0.041 

1,173 



10th 9 '. . 

i 0.013 

1,076 



11th 9 „ . . 

' 0.013 

1,112 



r2th 9 .... 

1 0.015 

1,198 



Total, 9 fact 


16,257 




(2) Maniioha Soils. 


Deptli, 

Brandon. 

Nivervillc. 

Winnipcff. 

Selkirk. 


per cent. 

per cent. 

per cent. 

per cent. 

1 st foot .... 

0.187 

0.261 

0.428 

0.618 

2(1 

0.109 

0.169 

0.327 

0.261 

3(1 0 . . . . 

1 0.072 

0.069 

0.158 

0.076 

4 th 

0.019 

0.038 ! 

0.107 

0.042 
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NOTE HI. (p. 130 ). 


XlTROCiKN AS NtTUATKS IN CuOri’KD S()[LS RECKIVINO NO 
NiTRO(ii<:Nous M anure, in \a\. ver Acre {liothamdcd Soils). 



1 Wlicat. 






i 

ARcr 
; fallow. 

After 

clover, 

Bokhara 

clover, 

ISS'J. 

VeUOios, 

1ss:l 

Lucerii, 

LS8;j. 

White 

clover, 

1885. 


1 1SS3. 

iss:(. 






1 

lb. 

lb. 

lb. 

it). 

11). 

1st 9 iiiclios 

. 1 3.4 

G.l 

3.4 

10.2 

8.9 

11.5 

2(1 9 n 

. 3.1 

4.4 

1.0 

2.7 

1.1 

1.4 

:H 9 n 

. ' o.s 

1.0 

0.0 

1.1 

O.S 

0.9 

4th 9 t, 

. ! 1.0 

1.3 

1.0 

1..0 

0.8 

1.9 

r.th 9 „ 

. i o.s 

1..0 

0.8 ! 

2.5 

1.0 

7.1 

(Uli 9 11 

O.G 

1 0.8 

1.7 1 

4.1 

0.9 

11.3 

7th 9 M 

0.8 


! 

4.r. 

0.0 

13.1 

8th 9 n 

. ! 0.9 

K7 


4.9 

0.8 

12.0 

9th 9 1, 

. j 0.7 

2.1 

... 

4.8 

0.7 ; 

11.2 

10 til 9 1, 

. 1 2.0 

2.1 


5.1 

0.0 1 

10.7 

11th 9 1. 

. 1 i.r. 

2.1 


0.4 

0.4 

11.1 

12th 9 n 

. 1 3.8 

1 

2.8 


0.5 

0.4 

10.0 


NOTE IV. (p. 124:111(1 p. 131). 

Nitrooen as Nitrates in Wheat-soils variously ^ianurkd, 
October 1881 , in Lb. ter Acre {llothamMal Soils ). 




t 



/ 

r ^ 







o c 

Plot. 

Maimriii:;. 

.5 

.1 

.£ 


w CO 




c. 



9 i. 






Cl 

o 



lb 

lb. 

lb. 

lb, 

11). 

.3 

No man lire, :1S y(>!irs .... 

0.7 

,5.3 

2.8 

17,8 


t 

(( 30 .1 .... 

!».2 

4.0 

1.8 

15.0 


l(i>/ 

M lY .. .... 

10.6 

.5.0 

2.3 

17.0 

i.'.5 

5(1, 

Ash coicsUtnciits, 30 yeans 

12.6 

7.1 

4.0 

21.3 

7.0 

17 <1. 

" •) 1 year . 

10.3 

7.5 

3.4 

21.2 

4,8 

C>i(. 

" and amiiioninm salts, 200 lb. . 

16.5 

7.5 

4.7 

2H.7 ' 

12.3 

7(1 

" .. .. 400 1. . 

22.8 

11.3 

5.7 

30. S 

23.4 

S(i 

" 1. .1 600 .. . 

21.1 

ECO 

7.S 

42.8 

26.4 

iOi 

Asli and sodinm nilrate, 550 n . 

10.7 

10.0 

8.2 

37.0 

21.5 

Uh 

Sodium nitrate, n .t . 

16..3 

20.1 

17.7 

.54.1 

37.7 

10 a 

Amnumium salts, 400 n . 

14.2 

11.0 

7.3 

33.4 

17.0 

11 (f 

Suiierphosphate and animonium .sails, 







100 lb. . 

17.0 

0.3 

3.6 

30.8 

14.4 


Itape-eake, 1700 lb 

14.1 

13.0 

7.1 

34.2 

17.8 


I’arinyard manure, U tons— 38 years . 

30.0 

1.5.4 

6.8 

52.2 

35.8 
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Nitu()(;kx as Nitkatks ix IJahley-soii.s variousta' maxu]{i;1), 
March 18!)2, is ]rr ter Ache {llothaindal Soils). 




1 

1 

.5 


o® 

Plot. 

Mauuriiig 

.s 


•S 

C 3 

'rt 





c. 


% 7 











7> 

« 


w 



111. 

111, 

111. 

111. 

111. 

10 

No maimn'. .... 

.‘i.O 

■1.7 

5.1 

15.7 


i!0-l() 

Ash (‘iiiislitiUMil.s (iiicaii) . 

(IT 

7.0 

(1.4 

20.1 

4.4 

1 A 

Amiiioiiiiiiii .siiUs, 200 lb. . 

(.1. 1 

s.:: 

7.0 

21.4 

5.7 

2A~1 A 

It iiinl ash roiistitii- 







riils (iiu-aii) .... 


1 7.S 

7.(1 

20.1 

7.1 

1 AA 

Soiliimiiiitiato, 275 lb. 

0 7 

Ci.S 

0.0 

2.5.5 

0.8 j 

! A A - 1 A A 

II ami ash constitui'iils 

1 

1 



1 


0'>''ari) 

s.:; 


7.5 

2.‘i.2 

7.-5 

1 C 

RaiH'-rahe, 1000 lb. . 

10.(1 

! 

7.0 

52.2 

111.. 5 ' 

2 0 -- 1 C 

11 iiml ash coiistitii- 





1 


I'lils (iiic.an) . 

8.S j 

11.11 

8.7 

20.1 

12.7 

7 ' 

No iiiaiiurr, 10 years — Ibnueiiy 







«limg ... . '. 

n.H ! 

i 11.8 

10.0 

27.5 

21. S 

7- 

Faniivaril iiiaiiuro, 11 toius 

is.o i 

: 11.0 

10.0 [ 

11.1 

28.4 : 


NOTH V. (p. i;iJ). 

Kxa:\11-EES of IxCREASE OF NTtROOEN IX EOTIIAIMSTED SoiJ-S 
LAID DOWN IN PasTFRE. 



j Ago (if 

Nitnigoii ill 1st 0 


! paslnro. 

iiiclics. 


■' Y('.ir.s. 

IVr C('nt. 

Al'aiilo land 


0.110 

iJani-licld [ia.stui(‘ 

. ■ S 

0.1 fil 

Ai)p](-t-tr(>(‘ pastUD! . 

18 

i 0.174 

Dr Gi Hu rt’s meadow . 

‘21 

0.201 

II II . . 

80 

0.211 


NOTH VI. (p. 141). 

Ill couiu'ciioii with tiu; loss by drainage of nitrogen in 
th('. form of nitrates, it may bo mentioned that the water 
of many of the famous rivers contains large ([iiantities of 
nitrates. Tims the ivatcr of the ISeino has boon found to 
contain lifteen parts of nitrates per million of water, and 
the lihinc eight parts per million. Home idea of what tln^^ 
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;iiiioiniis to pov ainnuii may l)o obiainecl by tlie .siaioincnt 
lhat “ tlio Uliiiio (lischarm's daily 220 tons of .salt])oiro into 
tlu' ()(‘('aii, tlio river Seine 270, and tlie, Nile. 1100 tons.”^ — 
(Stoi'(n'’s A,i,n'ie. (diem., vol. i. ]>. 3 IS.) 

NOTE Ml. (p. 112). 

l''XAMr].KS OF 1 )];CltK.\SlO OF NiTIOHJFN IX UoTIlAMSTF.D Soil.S. 



Nitrogen in 1 st 


inehes, 


Fercetil. 

Old pa.stiirc 

0.250 

Aralile land in ordiino'y culture 

0.110 

tVlieat unniatiuvcd, dS yeans . 

0.105 , 

Wheat and fallow uiiinaiiured, dl years . 

O.OiMi 1 

Harley unnianured, dO years . 

o.ond i 

Tuniijis uiimaiiured, 25 years 

0 . 0 S 5 


i^I.VNFUlXO, rnoDUCK oF WllF.VI’, .\X1> Al/l'FRATlON IN TIIK 

Composition of tiik Son. ix BiioAonAi.K Fiia.i), llorii- 
AMSTKl), FROM 1805 TO 1881. 


i'iotJ 


Kill 

li,( 


ihi 

litrt 


! 

Mamin’S jicr at n^, aiimially iiiipliol, j 
10 years, l^jO.Tsl, 


laiiiKiiuu'cd 

Mixed iiiitieral ni.'uuin) 

AiinimiiiiuM .s.’ilis, lOO 11). . 

" M witli sii|K’ri)lio.si)h:ite 

" II with mixed iiiiiieral 

manure 

Nitrate of soda, .WO lb., aii<l mixed 
mineral mauuro .... 

Ipimanured' 

I'aniiyard manure, 11 tons . 


Average, Nitrugeii per aerc 
]ir(iiluec ; in 1st. !' iiiehes 
I'er Here. of soil. 



'total 

pro- 

diiee. 

iso.a. 

IS.Sl. 

Gain 
or loss 
in 10 
years. 

Imsh. 

11.. 

11). 

ib. 

11.. 

lU 

1715 

2507 

2 tut 

103 

121 

n't.;; 

2571 

232S 

- 21i) 

IT’ 

i 2SS1 

2548 

2171 

i -'7 

2;3i 

asod 

2093 

2070 

- 17 

2S 

■im 

2S29 

2908 

'1-79 

;!d 

1 0!i49 

i 

1 28:!1 

2883 

' d 49 

i:o, 

• 2 no 

j 2!t07 

2557 

1-3.50 


: .5^56 

i 4329 i 

4502 

-t-173 


I Miring ls,V2 
'al niannre, 
" 8 of straw. 


!-<>4 ree.eived annually ammonium salts, SOO lb., with mixe.<l 
and yielded an average product of bushels of grain and 4t'4 
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NOTE vnr. (p. 141). 


Amount of Dhatnaoe and NuntociKN as Nituatfs in 

DuAJNAOK -WATER FROM UNMANUUFI) BaRF SoIL, 20 
AND ()0 INCHES DEEl’~A VEUA(;E OF TjflRTEEN YeARS. 






Nitrogen 

s nitr.atc 




Amount of 


- - — 



— 


Rain- 

.1 rain age. 

Per million of 

Per 

acre. 


fall. 


_ 

. 






20-ln(;li 

UO-incli 

20- inch 

OO-imOi 

2()-ine,]i 

tlO-iue.h 



, 

gauge. 

gauge. 

gauge. 


gauge. 

gauge. 


luclius. 

I nelies. 

IneJu'S 



lb. 

lb. 

Maivli . . . 

1.70 

0.85 

0.04 

7.3 

8.0 

1.41 

1.89 

i April. . . . 

2.2o 

0.72 

0,70 

8.3 

0.0 

1.35 

1.61 

May .... 

2. IS 

0 80 

0.70 

8.1 

9.1 

l.,53 

1.63 

Juno .... 

2.50 

0.78 

0.78 

0.2 

0,1 

1.62 

1,60 

July .... 

2.85 

0.68 

0.62 

13.5 

11.8 

2.08 

1.66 

AuL-aist . . . 

2.(1!) 

0.84 

0.76 

15.1 

13.3 

2.87 

2.28 

Heptonbor . . 

2.70 

0.07 

0.82 

17.7 

13.4 

3.86 

2.50 

October . . . 

4.12 

1.86 

1.68 

13.8 

11.0 

.5.83 

4.53 

Novum l)t‘r . . 

3.20 

2.44 

2.32 

11.8 

11.4 

6.. 50 

5.98 

Ducumbur . . 

2.34 

1 1.88 

1.88 

0.5 1 

10.6 

4.06 

4.51 

January . , . 

2.13 

i 1.70 

1.03 

7.4 

8.9 

2.09 

3.88 

February . . 

2.16 

1.84 

1.74 

7.7 

0.1 

3.19 

3.57 

Marcli-Junu . 

0.02 

1 3.15 

3.30 

8.3 

0.0 

5.91 

6.73 

July-8e])tcmbL‘r 

8.24 

2.40 

2.20 

15.6 

13.0 

8.81 

6.44 

Ootobcr-Ful>, . 

12.9.5 1 

1 0.81 

0..55 

10.2 

10.4 

22. .57 

22.47 

Wli ole year. . 

30.21 i 

15.45 

15.05 

10.7- 

10.5 

37.29 

35.64 
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ciiArTEi; IV. 

MTIIIKICATJON. 

Tiik most im])()rtant compoiiml of iiitnigmi for tlic 
plant is nitrw add. It is as nitrates tliat most jilants 
iibsorb the nitrogen they r(M|uire to huild n[) their 
tissue. Til nature tlie nitroL^en, ])r(;sent in tlie soil as 
iiiiimonia, and dilTerent <ireanie forms, is eonstantly 
heiiiLf coiiverit'd into nitric aeid. 'hhis conversion of 
niti'oomi into nitrates, known as nifrijiraiiori, is a ])ro- 
(’css of very great importance, and, as has hemi already 
I'oiuted out in the Introductory Chapter, is etTected 
t-hrough the agency of micro-organisms (ferments).^ 
I'he process of nitritication, as well as tlu^ nature of 
the other changes taking place in the soil between the 
various compounds of nitrogen, are as yet hut most iin • 
I'erfectly understood, hut much light has been thrown 
''ll this most interesting dcpartincnt of agricultural 
I’esearch during the last few years ; and it cannot lie 
'h)ul)ted that the increased attention which it is recciv- 

As tlie fonnalioii of nitrites is a sUige in the process, the tei in 
Ijlcatiuii includes the fonnation of nitrites as well as nitrates, 


L 
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ing from (lillerent iiivcstigutors, botli on the Coiitiiiciit 
jiml ill this couiitiy, will he fraught with most im- 
portant results for practical agriculture. 

Occurrence of Nifrei/es in the Soil. 

The occurreiice of nitre, ^ or potassium nitrate, in 
soils lias hiam long known, although it is only within 
the last few years that we have obtained any pre- 
cise knowledge with regard to the mode of its pro- 
duction. While its amount in most soils, especially 
in this country,- is ^’ery minute, there arc certain 
parts of the world where nitrates are found in large 
(quantities. The nitrate iields of Chili and Ihru are 
the cliief natural souines of nitrates, and they are 
referred to in the chapter on Nitrate of Soda. We 
have (ather parts of the world, however (in China and 
India), where soils rich in nitre occur, and which in 
the past have formed a source of the comniercial 
article."’ 

Nitre Soils of India. 

The most important of these*, nitre soils arc those 
found in the North-west of India, in the qirovince of 
Bengal. In these districts the soil is of a light ])orous 
texture, rich in lime, and situated at a consideralile 
lieiglit above water-level. They are the sites of old 

* Nitre seems to have been known as early as the thirteenth 
century. 

* Liwes and (Jilbert, lor example, have shown that in the Uoth- 
amsted soils it only amounts to a lew parts per million of soil. 

^ See Appendix, Note I., p. 196. 
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villages, and tlie nitre is found in tlic form of an 
elllorcscence on the surface of ditlcreut parts of tlie 
soil. The occurrence of nitre under such conditions 
is due, partly to the natural richness of the soil in 
nitrogen, and partly to its artificial enrichment through 
receiving the nitrogenous excrements (d‘ the inhabi- 
tants of the villages and their cattle. The constant 
l>rocess of evaporation going on in such a warm 
eliniate has the ellect of inducing an njiward tendency 
of the soil-water, the result 1 icing a concentration of 
:ill the nitre the soil contains in its surface layer. 
Tliis goes on until a. rcgidar incrustation is formed, 
and the soil is covered by a white de})Osit of nitre. 
Wdienevcr this becomes ajiiiarent, the surface portion 
of the soil is scraped off liy the sonii/'allah, or native 
iiianufacturer, and collected and treated for the ])ur- 
posc of recovering, in a ])i]re state, the saltjietre. 

^((Updre ria nUiiiom. 

Tlie large demand for sidtpetre, larger than could 
be su]iplicd by these nitre soils, soon gave rise to the 
seiui-artiticial method of production, formerly so largely 
graetised in Switzerland, France, Germany, Sweden, 
■‘Ld in many other parts of the (Continent, by means 
el the so-called “ nitre beds,” “ nitraries,” or “ saltpetre 
I'lantations.” Trevious to the introduction of this 
method of manufacture, the demand for salt])etre lor 
gunpowder had become so great, that every source 
el nitre was eagerly sought for. Thus, when it was 
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discovered tiuit Uie earth from the iloors of byres, 
Bta])lcs, and farmyards were particularly rich in nitre, 
and when mixed with wood-ashes formed an important 
source of it, the right to remove these in France was 
vested in the Government under the Saltpetre Laws, 
which obtained till tlu' French devolution. This great 
scarcity soon led, however, to a careful investigation 
being made into tlie conditions under which potassium 
nitrate was formed in nitre soils.^ ILcse conditions, 
which included the presence of rich nitrogenous 
matter, warmth, free aeration of the soil, and a cer- 
tain proportion of moistur(‘, becanui, in the course of 
years, more and more thoroughly understood, and the 
result was the institution of numerous “ saltpetre 
])lantations.” Tdiesc gtmerally consisted of heaps of 
mould, rich in nitrogen, mix(;d with decomposing 
animal matter, rubbish of various kinds, manurial 
substances, ashes, road - scrapings, and lime salts.- 
The heap was interlaid with brushwood, and was 
watered from time to time with liquid manure from 
stables, consisting chielly of dilute urine. In forming 
the lica]) care was taken to keep the mass porous, so 

1 The artilicial jtroductioii of nitre seems to have been iir.st ellected 
by Glauber in the seventeenth century. 

' Tlie lime - rubbish from old building.s, especially thoae parts 
which have come in contact with the earth, or plastering troin tlir 
walls of damp cellars, barns, stables, &c., have been found to be ih'li 
in nitrate of lime, and, as lias been long well known, constitute by 
themselves a valuable manure. Tlie formation of the nitrate of linu' 
can be accounted for by the contact of the lime with nitrogen^"® 
matter of ditferent kinds. 
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as to iidinit of tlic free access of air. The lieap was 
furtlicr proteeled from the rain by eoverin,l>- it with 
a roof. Ill course of time considerable rpiaiitities of 
nitrates were develo])ed, and the nitre w’as occasionally 
collected by scraping it from tlie surfaces, wlnn’C it 
became coiu'cntrated just .as in the nitre soils. In 
all eases, howxna'r, th(‘ lieaps, wlieii considered ih'li 
enough in nitre, were* treated from time to tiiiu'. wdtli 
w.ater wliicli, liy suhserpumt cva])oration, yi(dded the 
nitre in a more or less pure condition.^ 

'Ibis mode of obtaining nitn^ is no longer practised 
to any extent, since it is now more convcmiently 
olitained from the treatment of nitrate of soda with 
])otassium chloride. 

CdV.sc of Kltrijicaf ion. 

We have adverted to thes(‘ nitn* plantations as 
showing how the conditions most favourable for th(‘ 
development of nitrification were recognised long be- 
fore anytliing was known as to the triui nature of the 
process. It was only in 1877 that the formation of 
nitrates in the soil was proved to be due to the action 

^ As imicli of the nitric .acid in this solution was present as nitrate 
of linn?, it was usually treated with a solution of potassium carbonate, 
fhe.result being the precipitation of the lime as carbonate, pure salt- 
petre being left in solution, according to the following equation — 
K,C 03 -|-Ca (N 03 )o =2 KNO.-fCaCO^. 
thnler the Frcncli mode of manufacture, tlic process was considered to 
1'ave developed satisfactorily when 1000 lb. of earth, at tlie expiration 
'^f two years, yielded 5 lb. of nitre. 
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of micro-or^ainc l)y tlio two Frencli clioinistR, 
Scbloesiiig and Miiiitz, vvlio discovorcd th(^ fact wlicn 
cariyiiii*’ out experinunts to see if tlie ])i‘esenc(' of 
luiiuic matter was ess{‘iitial to tlu^ purilicatioii of 
sewa^i^m by soil. In tliese ex]H‘i'imeuts scwiiqe was 
made to iilter slowly throuoli a certain d('})tli of soil 
(the time occupied in this liltration Ixn’no ci,L;'ht days). 
It was found that nitrification of the sewagv, took 
place. By treating the soil with cldoroform- it was 
found that it no longan* possessed tlus power of in- 
ducing the nitrification of the sewage. When, how- 
ever, a, small portion of a nitrifying soil was addiid, 
the powiii’ was regained. From this it was naturally 
inferred that nitrification was cfTected hy some kind 
of feriiKuit. This conclusion was soon confirmed by 
snbseipient experiments hy Warington at riotliamsted, 
who showed that the ])Ower of nitrification could l)e 
communicated to media, whi(!h did not nitrify, by 


' I’listeur hiul ivlroudy in lSn2 c.Kiu'i.-.'^sod the opiiiiou thiit nitrifica- 
tioii might pvohahly l»e in some way connected with ferments. A. 
Miillei' (see ‘.lonrnal of Chemical Soeiety,’ 1879, ]>. 249) was the first 
to advance the opinion that nitrification was due to the action of a 
ferment. Tliis conclii.sion he was led to by the obsorv’^ation tliai 
while the ainmonia in sewage was converted into nitric aciil, i'<) 
change took place in solutions of ammonia or urine prepared in tin' 
laboratory. 

“ Bisulphide of carbon ajid phenol (carholio acid) have also hoeii 
c.vperimented with in connection with their antiseptic action on ni- 
trification. In the.se experiments the former had a similar elfoct to 
chloroform ; the phenol, however, while hindering it did not entirely 
suspend it, due probably to the difficulty of bringing the phciml 
vapour into thoroiigli contact with the .soil-particles. 
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simply seeding them with a nitrifying snlistaneo, and 
tliat light was nnfavonrablo to the pvocc'ss. Sinc(' 
then the. rpn'stion has formed the subject of a number 
of rosi'arches by Mr Wnringtoii at rkotliamsted, as 
well as by Scblocsing and ^liintz, ^^nnro, Dc'herain, 
1\ F. Franldand, AVinogradsky, (layon and Dnpc'tit, 
Kellner, I’lalh, Pieliard, Landolt, Leone, ;ind otlu'rs. 
From these r(\s(‘arch('.s w(‘ hav(‘ obtained the following 
information with regard lo the natun* of the organ- 
isms concerned in this process, and the conditions 
most favonralth* for their development. 


Fe nnnik rjcdivif Ni / r Ijlvi itio n. 

The importaneii of isolating and stndying thmn 
microscopically was recognised at an early ])eriod in 
these researches. Alc'ssrs Schloesing and Aliintz were 
tln^ first to attcmid this. They r(‘ported that they 
had successfully accomplished this, and described the 
organism as consisting of viny small, round, or slightly 
elongated corpuscles, occurring either singly or two 
together. According, however, to the most recent 
rcsearclnis of Wariiigton, AVinogradsky, and F. F. 
Frankland, nitrification is not effected by a shu/le 
micro-organism, but by iv:o, both of wliich have been 
successfully isolated and studied.^ The first of these 
to be discovered and isolated wfls tbe nilrous organism, 
which effects the conversion of ammonia into nitrous 

^ Winogradsky lias naiiu’d the nitrous organism nitnmmonas, and 
Ifip nitric, organism nilrobackr. 
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arid; the second, wliidi lias only hcen lately isolated 
by Warin^fcon and AVino^radsky, edei'is the conversion 
of nitrons acid into nitric, acid. Each of these fer- 
ments thus has its distinctive function to perform in 
this most important process, the nitric ferment hein^ 
nnahle to act on ammonia, as the nitrons ferment 
is nnahle to convert nitrites into nitrates, llotli 
ferments ocenr in (niormons ([nantities in the soil, 
and seem to lie intlncnced, so far as is at presimt 
known, by the same conditions. Their action will 
thns pro(‘eed together. Tv early all we know as yet 
on thii subject of tluar nature is with regard to the 
nitrons ferment. 

Appearance of Niirone; Orpan irin . 

Mr AVarington’ thus describes the ap])earanee of 
the nitrons organism : “ As found in sns])onsion in 
a freshly nitrilied solution, it consists largely of nearly 
s])herical corjinsch's, varying extremely in size. The 
largest of these corpnsch's barely reaches a diameter 
of iT/Vofli ^ millimeter; and some arc so miniitc 
as to be hardly disccrnilile in photographs, althongh 
.shown there with a surface one million times greater 
than their own. The larger ones are frerpiently not 
strictly circular. These forms are universally present 
in nitrifying cnltnrcs. ' The larger organisms arc some- 
times seen in the act of dividing.” 

^ From a sorios of Lectures <lclivered ])y liim iu eouiioetion witl» 
Lawos Agricultural Trust, iu the United States, 
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Nitric Oiyfrnistit. 

So far as al- known, tlio nitric or<^anisni is 

very similar in a,])])oaranc(‘ to Ihc nitrous or^•anism, 
so nmeli so tliat it is (lillicult to (listin<;'uisli the one 
from the otlier. As tlie same eondilinns inlliienee 
tlu'ir (h^velojiim'.nt, lla; ])roeess may he re^i^arded as a 
whole. 

DifliruUn in isnlntinn tlirni, 

A i^nsat dillieulty has he,en ex])erieneiMl in the 
attempt to isolate tlu'sc^ micro - organisms for the 
])urpose of studying tlaur nature. This arises Irom 
the fact that they r(‘fus(' to grow on the ordinary 
solid (‘ultivating media used by bacteriologists. Wino- 
gradsky. how('V('r, has n'ccnlly suee(M‘ded in cultivating 
them ill e pvrdf/ ininrrnl medium— viz., dUea-jdljj} 

idltrifyiny Oiyanhyn^ (to not r('(j((.ir<' Oryonu' Mottn', 

The fact that they can develop in nualia destitute 
"f organic matter, is one of \'ery great interest and 
importance to Vegetable Thysiology. It im])lies that 
they can derive their carbon from carbonic acid — a 
power which it was lielievcd was possessed by gn'cn 
]>lants alone among living structures. For organisms 
destitute of cbloropliyll, the source of their protoplas- 
mic carbon, it has been bitlicrto commonly believed, 

^ Tliis .silica -jolly coii.sisl.s of dialysed silicic ;icid, aiinnoniniM sul- 
pt 'te, potassium pliospliate, inagiiesium .sul[iliate, calcium chloride, 
!^>id niaguesium carbonate. 
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must b('. oi'ifunir inaflcr of some sort. While it would 
appear that the nitrifyiii^R’ organisms can, wlien op- 
portunity affords, feed u])on organic matter, yet it 
li!is he.im proved lieyond doubt that tliey can also 
freely develo]) in nu'dia entirely devoid of it, and are 
(‘iipable, under such cinuimstamH's, of ih'.riving their 
carbon from a |)ur(!ly mineral source.^ This fact, 
which is snbvt'.rsive of what was believed to be fi 
fundannmtal law of Vegetable, riiysiology, is one of 
the most impoiiant of tlie many important and in- 
ten'sting facts which tln^se nitrilication researches 
have eli(ated.^ 


Conditions favouuaiu.k for iYi'Prification. 

We may now ])roceed to discuss the conditions 
favouralde for nitrilication. 

of Food -cmdUnca U. 

Among these conditions the lirst is tlui presence of 
c(n’tain food-constituents. To both animal and vcgi'* 
table life alike a certain amount of mineral food is 
absolutely necessary. Among these phosphoric acid 
is one of the most important, and in the experiments 
on nitrification it has been found that the nitrifying' 
organisms will not develop in any medium destitute 

This fact is all the more striking when we remember that tin 
decomposition of carbonic acid is best eirceted in the dark, .siio f 
liglit is prejudicial to nitrification. 

“ See Appendix, Note II., p. 196, and Note III., p. 197. 
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of it. Tliat otlior Biiiicral food-constiluoiits iin; iicces- 
sniy is lii^i^dily prol)al)lo, altliough tlu*. inlluonec of their 
alise.iice on the (leveldpiiicnt of the ])r()eoss lias not 
liecB similarly studied. Trohably potash, magnesia, 
and lime salts are neeessary. In the eultivatinn; sn- 
hitioiis used in lh(‘ e\])erim(‘nls on the suliject, tin', 
niiiieral food - eonstitnents added eonsisted of lime, 
iiia^iiesia, and potash salts and phosphoric acid.' 

.As wo ha\'e seen al)ove, the ])r(‘sence of oi’jj;ani(^ 
matter is not neeessary for tin* process. In this 
res])cet thesis ormwisms are diirerentiated from all 
other ferments hitln'.rto discovered. 

VrcHCucc (if <( 

'I’lie presence of a snilicient quantity of ii base in 
tli(‘ soil with which the nitric acid may comlfiin*, 
when it is formed, is another necessary condition.'" 
Tlu^ [)rocess only goes on in a slightly alkaline 
Solution. The snhstance which acts as this saliliahle 
hast; is lime. The prescin'e of a suHicient quantity 
<'f carbonate of lime in the soil will 'thus ho sc('n to 
he of first -rate importance*.. This furnishes an ox- 
]danatioii of one of the many benelits confmTcd ley 

' Appendix, Note Y., ]i. 108. 

This is .sliowii by tlie fact tliat iiitrilicatioii will only continue in 

^'olntion oC carbonate of ammonia till one-half tlie ammonia i.s 
'iilrihed. It then stops. The base, with whicli the nitrons acid com- 
hincs as it is formed, being at that stage entirely used up, nitrification 
longer possible. With regard to urine .solutions the same i.s the 
' Nitrification thus will only take place where there js a sulli- 
eieiiey of base. 
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liiiui on soils. Tho activity of nitrification in many 
soils may 1)(‘. liindcrcd by the absence of a snfliciency 
of lime, salts, and in siicli eases most striking residts 
may follow tlie a])])lication of moderate dressings of 
chalk. The aksence of the nitrifying organisms in 
certain soils, snch as i»caty and fon'st soils, may he 
thus acconnted for. In such S(uls Imniic acids art' 
])res(!nl. anti the retjuisitt'. alkalinity is thus awanling. 

Onhj liflrx plifcc in >4iifldhi JIL'iiJiiic 

Ihit while a ct'rtain slight amount of alkalinity 
is net'ttssaiy, this must m)t (CxcetMl a certain sti'cngtli, 
otherwise the prot'css is retarded. This is the rea- 
son why strong urine, stjlntions do not nitrify. Tlit' 
amount of carltonalt' of ammonia generated in them 
1)y })utr(‘fa(‘tion rtmders tlui dt'velopment of nitrili- 
cation im])ossihle hy rendering the alkalinity of tht' 
solution too gnad.' The ])ractical im].)ortance of this 
fact is eonsideraltle, as it shows the importance of 
diluting urine very considerably before applying it ns 
a manure. Similarly, wlum large cpiantities of lime, 
especially burnt linn*, are a])plied to soils, the rosidt 
will be to arrest the action of nitrification for fhe 
time. The presence of alkaline carbonates in the 
soil, unless in minute quantities, is apt, therefore, to 
seriously interfere with the process.- 

‘ See Ajipeiulix, Note IV,, }». 197. 

- It would seem tliat aii alkalinity nmoli excoodiu" four 
nitrogen per million i.s prejudicial to the process. 
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Adion of (djimm on Nltrificotion. 

It lias been found liy iMchard that tin' action of 
certain mineral sulphates is extremely favourable to 
llie process, and anioni>’ tlmse AYarington 

lias carried out some (‘Xjieriments on the action of 
gypsum ill promoting nili'ilication. The reason of its 
favourable action is jirobably because it neutralises 
the alkalinity of nitrifying solutions. It thus jiermits 
tlu' process to go on in unfavourable conditions. 
AVlu-re, tlicrefore, loo great alkalinity (‘xists for tlie 
riiaximum development; of uitrilication, the be,st 
spccitic will lie found to 1 h‘. gyjisum.^ The jiractical 
value of gypsum as an adjunct to c.ertain maiiurial 
sulislances, where uitrilication is desired to b(‘ pro- 
moted as rapidly as possible, such as sewage and 
iarmyard manure, will tlius at once become a])parent. 
^0 far as tlieiv* is a. jiroper degree of alkalinity main- 
tained, the presence of large ([uantities of saline matter 
does not seem to inti'rfere with the process. 

Frrsnu'c of (Kc/fifcn. 

I be uitrilication bacteria belong, it would seem, to 
the aerobic - ela.ss of ferment — ic., they cannot develop 
^vilhout a free supply of oxygen. Exclusion of the air 

Ai'cordintr to VVariiigton, .solulions coutaiiiing 50 per cent of 
critic licconio iiitriliatile wlicii sutlicient gyi'sum i.s lulded. The 
Vypsuiu neutralises the alkalinity of nitrilying solutions by ('onverting 
^hc alkaline ainnionium carbonate into neutral amnion iuni sulphate, 
ttc ealeiiim carbonate being |irecipitated. 

‘^ee Chajiter on Farmyard Manure. 
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is sufficient to kill tlicin, aiid in those portions of the 
soil wliere access of air is not freely pcrinitted, nitri- 
lication will be found to ])e correspondiiif^ly feeble. 
Thus it has been found in ex])crinients with diherent 
portions of soils, that but little signs. of nitrification 
occur in the lower soil layers. According to ex])eri- 
inents by Schloesing on a moist soil, in atniosph(U'cs 
respectively containing no oxygen and varying ([iiauli- 
ties of it, the action of oxygen in promoting nitrili- 
cation was strikingly demonstrated. In an atmospheie 
of pure nitroge.n, entirely devoid of oxygen, the 
process no longer took ])lace, but the nitrates already 
present in the soil were reduciid and free nitrogen 
was evolved. In an atmosjdien*, on the otlier hand, 
containing 1.5 per cent of oxygen, a considerable 
amount of nitrilication look place; while in the 
presence' of 0 per cent, nitrilication took place to 
double the extent. An addition of 10 to 15 per 
cent again doubled the (piantity. When tluj amount 
of moisture added was increased, the elfect of larger 
pereentages of oxygen was found to be less marked. 
The reason of this is that the oxygen probably acts as 
dissolved oxygen; the addition of water meaning at 
the same time an addition of availalde oxygen. This 
condition exemplifies the value of tillage operations. 
The more thoroughly a soil is tilled the more thoroughly 
will the aeration of its particles take place; and c'li- 
sequently the more favourable will this necessary 
condition of nitrification be rendered. The benefits 
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cf)nf('i‘rc(l oil clayey soils by tillage will in this res|)ect 
be especially great. 


Tmp(ratum 

Anotlicr of the eomlitions di'lcrmining the nite at 
which nitrification takes })lac(i, and one wliich is most 
iuipurtant, is Temperature. According to Schloesing 
and Miintz tlie teint)eriitnre at which maxiimim dovel- 
opnient takes ])lace is 37' ( A (1)0" Ih). at which tem- 
])ei'atiire it is ten times as active as at 14' ( b (57' k.) 
below (h (40 ’ F.) the aa-tion is (‘xtremely feeble. 
It is clearly ap])reciablc at 13 0.(54"’ F.), and from 
tliere up to 37° C. (09 ' F.) it rapidly increases. From 
•”>7'' C. (Ob'" F.) to 55" (J. (131" F,), at which tempera- 
ture no nitrification takes ])la.cc, its activity decreases; 
at 45° C. (118° F.) it is less active than at 15' (J. (50" 
I'-), and at 50" C. (133" F.) it is very slight. Fhese 
results by Schloesing and ]\Iiintz have nut been 
exactly confirmed by Warington. lie has found that 
a considerable amount of nitrification goes on at a 
haiipcrature between 3" and 4° C. (37'" and 30° V.), 
"'Vliilc the highest temperature at which he has found 
l<j take place is considerably lower than 55' (h 
'131.° F.) Thus he was unable to start nitrilication in 
a solution maintained at 40° C. (104° F.) It would 
)3as seem that the nitrifying ferments are able to 

luactically illustrating this fact, a solution kc|it at 10° C. re- 
icued ten days, while a solution kept at :i0° C. nMiuired only tdght 
for uitritication. 
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develop at lower temperatures than most organisms ; 
and altliough nitrilieation entirely ceases during frost, 
yet in a climate such as our own lliere must be ii 
considerable proportion of the winter during wbicli 
nitrilieation is moderatedy a(‘.tivii. 

J^rcHCiKr of (I sifjjirioit (iiKi-iitilij (f Moisiarc. 
d’lie presimcc of moisture in a soil is another of tbi' 
necessary conditions of nitrilieation. It has been 
shown that it is at once arrested, and indeed destroyed, 
l)y desiccation. Other conditions being equal, and up 
to a certain extent, tlu'. more moisture a soil contains 
the more rai)id is tlie t)rocess. Too much water, how- 
ever, is nnfavouralde, as it is apt to exclude the frei* 
iicce.ss of air, which, as wo have just sliown, is sn 
necessary, as well as to lower the temperature. J fir- 
ing a period of drought the rate at whicli nitrilieation 
takes })lace will, tlun-eforc, be apt to be seriously 
diminished. 

Absence (f sfro'inj Hnidhfht, 

It has been found that the process goes on nnudi 
more actively in darkness; indeed Warington ha^ 
found in his ex])eriments that nitrification could lir 
arrested by simply exposing the vessel in which n 
was going on to the action of sunshine. 

Onjanisms destroyed by Poisons. 

It has already been pointed out that nitrificatiou is 
arrested by the action of antiseptics, such as cliloro- 
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tdiin, bisiilpliido ol carbon, and carl)olic acid. Aiiotlicr 
Huijslancc which has been funnd lo have an injurious 
aetion is ferrous sulpliate or “ co])])eras,” a substance 
wliich is apt to bo })rcsent in badly di-aincd soils, or 
soils in which tluire is inucli activedy putrefying 
nrgiiiiic matter. IMaiU’chea' has found that in moor 
soils containing ferrous sul[)hatc, no nitrates, or mere 
traces of nitrates, could he found. A suhstance sucli 
as gas-lime, uidess sid)mitted to tluj action of the 
atmos[)here for some time, would also have a l)ad 
cdect in checking nitrilication, owing to the })oisonous 
sulphur comj)ounds it contains, (lommou salt, it 
would seem, also arrests the process ; and this anti- 
septic property which salt exenuses on nitrification 
throws a certain amount of light on the nature of its 
action when ap[)lied, as it is often done, along with 
artilicial nitrogenous manures. 

In coiineetion with the process of nitrilication, it 
is of interest to notice that a ])rocess of an opposite 
nature may also take place in soils — viz., dmiivijica- 
proce.ss which consists in reducing the nitrates 
t^' nitrites, nitrous oxide, or free nitrogen. That a 
reduction of nitrates takes place in the decomposition 
nf sewage with the iwolution of free nitrogen, was a 
Inct first observed by the late Dr Angus Smith in 1867 ; 
end the reduction of nitrates to nitrites, and nitric 
niid nitrous oxides in putrefactive changes has been 

M 
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subsequently noticed by din'erent experimenters, who 
Imve I'urther observed tliiit sueli reduction takes ])laeA! 
ill the case of jmtrefaction i^oing on in the presence 
of large quantities of water or wliere tliere is inucJi 
organic matter. 

Dmilri/icrftwn (dso cflrctcd hjj liarimH. 

This cliangc was sup]K)sed to bo of a [)iirely chemicitl 
nature, and it lias only been recently discovered that 
it is eircetcd, like nilrilication, by ineans of bacteria. 
It has been surmised Ity sonic that the action of de* 
nitrilication may be eHected by the, same organisms 
that elicct nitrilication, and that it depends on merely 
external conditions which process goes on. There is 
no reason, however, to suppose that this is so, ami 
several of the denitrifying organisms have been iden- 
tified. 


(Jondiiwiis f(m)av(d)lc fur Ikmirifi^^^^ 

That it is a process that goes on to any extent iu 
properly cultivated soils is not to be supposed. The 
conditions which favour denitrification arc exactly the 
opposite of those which favour nitrification. It is 
only wlien oxygen is excluded, or, which practically 
means the same thing, when large quantities of organic 
matter are in active ])utrefaction, and the supply »it 
oxygen is therefore delicieiit, that denitrilication takes 
place. Schloesing, as we have already seen, fouiul 
that in the case of a moist soil, kept in an atmosphere 
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devoid of ()xy^-(ni, Ji reduction of its nitniies to free 
nitrogen took place. 

Tolcs pltfcc in ii'tflci'-lofinrd Haih. 

Tlu' exelusion of oxygen from a soil may l»e eHected 
I'y saturating the soil with water; and WaringLon 
lias found in ex])('.riment.s carried out in an iirable 
soil, hy no incans rich in organic^ matter, that com- 
])lete reduction of nitrates may he (jitected in this 
w;iy. It would thus sc(nii tliat the process of denitri- 
tieatiou will take place in water-logged soils, or in the 
laitred'action of si'wage matter in the presence of large 
ijuantities of watei’. Wliethcr this reduction will 
I'csuli in the production of nitrites, nitrous oxide, or 
tis'c, nitrogen, depends on dillerent conditions. This 
l>i’occ.ss is one of great im])ortaneo from an economic 
point of vi(!W, as it reveals to us a source of loss 
" liicli may take place in the fermentation of manures, 
ill the rotting of our farmyard manure it is possibhj 
iiiiit the denitrifying organisms may be more active 
iiiaii we have hitherto suspected, and that a consider- 
'li'lc* loss of nitrogen may in this way be etrected. 

i^f’drihutwn of the: Nitrifjjincj Orf/anisms in the 
i Ik.* nitrifying organisms are probably chielly conlined 
ibe soil, and do not usually o(*.cur in rain or in the 
'lii'iosphere. That, however, they are found in sjK)ts 
Khich vve might be inclined to think extremely un- 
likely, iy shown by some recent interesting researches 
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cilil'icd uul liy Miiiit/, wlio di.scovi'md that the hari' 
surfaces of felspathie, (‘ulcareous, schistose, and otlier 
rocks at llie siinindt of iiiountaiiis in tlie Pyrenees, 
Alps, and Vosi>es, yielded hirne nninhcrs of them, iind 
that they ocmirrcd p) a. considerahle dc|)th in the 
cracks and lissnn's of the, rocks. The nitrifyini;' or- 
ganisms are also found in rivcu-waler, in sewage, ami 
\va ill- waters. 


Ih'pUi (lo}nn dl V'liirli llinj ixxiir. 

In Warington’s earlier exp(;rim(mts, the conclusion 
lui arrived at was that tlui occuri'tmee of the nitrifying 
organisms was idniost entirely limited to the super- 
ficial layers of the soil, and that they wore seldom 
to be met with much below a dc}»th of 18 incln's. 
His subsequent ex[)erimcnts, however, co]isidera])]y 
modified this comdusion, and showed that nitritication 
may take ])lace to a depth of at least 0 feet.’ Ihit 
although it may take jdane at this de])th, it probably, 
as a general rule, is limited to the surface-soil, as it is 
only there the conditions for obtaining circulation of 
air are sufliciciitly fjivourable. A great deal, of course, 
will depend on the nature of the soil — ix., as to its 

^ 111 sixty-nine trials no failure to produce nitrilication by seeding' 
with soil from a depth of 2 feet was experienced. Similarly in eleven 
trials only one failure took place with .soil from a depth of 3 feet. 
tVith clay .soil from a depth of G feet sucee.ss took jtlaee to the extent 
of .^)0 per cent. No nitrilication was obtained with clay from a dejitli 
of 8 feet. Entire failure, was experienced with elialk subsoil. 
process thus diminishes in activity the lower down we go. 
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tcxtui'c. Ill n, clayey subsoil Ibo priiicijial liiiulrancc to 
nitrilicalioii will bo tbo dilbculty of obtaining snniciont 
ai'ration. In clay soils it is jirobablc, tlicreforc, that 
nearly all the nitribeation goes on in tbo snrfaci' layer ; 
in sandy soils it may take jdace to a gnnitcr deptbd 

Actioit of Phrnt-rodfx in i>rt)inofln;f Nitrijicot 'wn, 

In this conneotion tbo action of ]ilant-roots in 
jieiiniUing a more alnindant access of air to tin* 
lowin' layers of (be soil, and tbns promoting nitri- 
lieatioii, is wortli noticing. This lias been observed 
in the case of ditrerent crops. Tims tbo action of 
nitrilieation ba,s boeii found (o lu* more marked in 
tlio lower layers of a soil on wbicb a, legnmiiions 
crop was growing tban on tliat on wbicb a gramiiieons. 
“'rile conditions wbicb would favour nitrilieation in 
(he snlisoil are snob as would enabb* air to penetrate 
it, as artitic'ial drainage, a dry season, the growth of a 
luxuriant crop causing much evaporation of the water 
111 tlio soil. Buell conditions, by removing the water 
lhal, lilts the pores of the subsoil, will cause the air to 
I'ciietratc mor(‘ or less deeply and render nitrilieation 
I'ussible. Subsoil nitrilieation will thus be most active 
ill the drier periods of tlie year” (Warington). 

Mature of Siihtances capahJe of Niirijkation^ 

What kinds of nitrogenous substances are capable 

Korli lifts found that in soils he has examined few organisms were 
kund at a deptli below 3 feet. 
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of undoro’oiiio; this process of nitrification are not yet 
well known. Tin', question is, of course, one of groat 
importance, as tlie rapidity vvilli winch a nitrogenous 
body nitrifiois will he an ini])ortant factor in deter- 
mining its value as a manure. ITnfortunately, on 
this subject we know, as yet, very little. We are 
well aware that the nitrogmi present in the humic 
matter of the soil is readily nitriliable. In tlui ex- 
periments on nitrification the nitrogenous bodies usc'd 
luivc been chielly ammonia salts, so tint it is difli- 
cult to say whetlnu’, in the (aise of otber nitrogenous 
substances, micro-organic life of a dilTcrent sort has 
]U)t also l)een active and has converted the nitrogvii 
into ammonia, and theniby ju’epanal the way for tlii' 
process of nitrification. 

That various manures, such as bones, horn, wool, 
and rape-cake are readily nitrifial)le, lias been shown 
by experiment. Laboratory experiments have alsn 
been carried out on such difrereut nitrogenous suli- 
stanccs as ethylainine, thiocyanates, gelatin, urea, 
asparagin, and albuminoids of milk. But in all 
these experiments, how far these bodies have boon 
directly acted upon by the nitrifying organisms, or 
Jiow far they have first undergone a preparatory 
change in which their nitrogen has been first con- 
verted into ammonia, is impossible to say. It is at 
least quite probable that all the organic forms of 
nitrogen have first to be converted into animoiua 
ere they are nitrified. 
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Rate at vjJdeh Nif/nfication takc.^ place, 

A qu(3stion wliieli is practically of no little iin- 
povtaiice is llie rate at which iiitriticatiou takes place. 
Fn )iii what lias lieeii already said as to the iiatiiri' 
of the conditions favonrahle for the process, it will 
lie at once seen that this will depend on how far 
these conditions are present in the soil. In point 
of fact the rate at which nitrilication hakes place 
will vary very niiich in dilTerent soils. A greater 
(lilVerence, however, in the rat(‘ at which it takes 
])lace, will be found even in the same soils at different 
})(!rio(ls of the year. In this country, where the most 
fuviairahle t(an|)eratnre for its develo})ment is seldom 
ri'ached, it never goes on at the same rate as in tro]jical 
climates. < )iie of the canses of the greater fertility of 
tro|)ical soils is due, doubtless, to the very much longer 
ihiiation of the'period of nitrilication, as well as to its 
greater intensity. As, however, temperature is not 
the only condition, and the presence of moisture if? 
guitc as necessary, it may be that its development 
is seriously retarded in many tropical climates by the 
extreme dryness of the soil during long periods. 

Takes 'place chiejly duriruj the Summer Months. 

Although in this climate, as has already been 
pointed out, nitrification probably goes on during 
most of the winter months, owing to the fact that 
Ihc temperature of our soils is only occasionally 
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below the iiiiiiimiiin teinperatiirc Jit wliich the pro- 
cess takes place, yet tliere can be little doubt that 
the great bulk ol* the soil-nitrates are produced during 
a few months in summer. A fair conception of this 
amount is alforded by the interesting experiments on 
the composition of drainagxi-waters made at llothani- 
sted, which we shall have occasion to refer to im- 
mediately. Tt may be pointed out, however, that 
it is not always safe to take the amount of nitrates 
found in drainage- waters as an infallible indication 
of this rate, for this amount will depend to a certain 
extent on the amount of rainfall, and would be mis- 
leading in the case of a long period of drought. On 
the whole, however, it furnishes us with extremely 
useful data for the (ducidation of this important 
problem. 


ProeesH (/oe>i on mod qnuMy in Fallov) Fields. 

It has been shown in the llothamsted experiments 
tluit the pro(',ess goes on best in fields lying in bare 
fallow ; and in this fact lies the explanation of one of 
the many reasons why the practice of leaving fields 
in bare fallow, so common in past times, and still 
practised in the- case of clay soils in some parts of 
the country, was so beneficial to the land thus treated. 
But despite this fact, the practice of leaving soils in 
bare fallow can scarcely be justified from this point 
of view, as the loss of nitrates through the action of 
rain is very great in our moist climate. 
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Ldhomlory liqm'mmU on Hair of 

Several interesting experiments have been carried 
out with the object of affording data for estimating 
the rate at which tlie yn-ocess may go on in our soils 
under certain conditions. An old experiment, carried 
out by lioiissinganlt, illustrates, in a general way, liow 
rapid the ])roccss is under favourable circumstances. 
A small portion of ricli soil was ]jlaccd on a slab pro- 
tected Ijy a glass roof, and was moistened from time 
to time witli water. The amount of nitrate of potash 
formed under these circumstanc(‘s was estimated from 
time to time during a period of two montlis. During 
the first month (August) the y)erccntage was increased 
from .01 to .18 (equal to al)out 5 cwt. of nitrate of 
potash per acre). Tlu; increase during the second 
mouth (September) was very niucli less, — indecul only 
idiout a seventh of tln^ amount.^ The soil experi- 
mented with was an extremely rich garden soil, and all 
the conditions for nitrification were most favourable. 

Of recent experiments on the rate of nitrification, 
the most striking, perhaps, are those by Schloesing. 
He mixed sulphate of ammonia with a quantity of 
•'^oil fairly rich in organic matter, and containing 19 
per cent of water. During the twelve days of active 
mtrification no less than 5G parts of nitrogen per 
million of soil were nitrified per day. Taking the 
•‘^oil to a depth of 9 inches, this would be equal to more 


^ See Appendix, Note VI., p, 198. 
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tliau 1. cwt. per acre — an amount of nitrogen equal to 
that contaiiKMl in 0 cwt. of commercial nitrate of .soda. 
These experiments are interesting as sliowing what is 
prol)ahly tlie maximum rate of iiitriticatioii under the 
most favourable circumstances, and where*, there is an 
abundant supply of easily nitrifiable nitrogen. That 
nitrification ever takes place in our soils to this ex- 
tent is not to b(‘ for a moment supposed. 

Wiirington, in his liotliamsted experiments, has 
found that the greatest rate^, working with ordinary 
arable soil (first 9 inches) from the- liothamsted farm, 
was .588 paiis pm* million of air-dried soil per day - 
i.(\, 1.8 lb, per acre (e((ual to alwut 8 lb. of nitrate of 
soda). Similar soil, when supplied witli ainmonia 
salts, .showed nearly double this quantity, lliglicr 
results w(!re obtained by Lawes and Clilbert with rich 
]\lanitoba soils, the a\'erage rate being .7 parts per 
million ])(‘r day. 

The last of these interesting laboratory experiimmts 
on th(i rate of nitrification we shall refer to, arc those 
by Deherain. He experimented with soils containing 
different amounts of nitrogen and moisture. With a 
soil containing .16 per cent of nitrogen he obtaiucih 
during a period of 90 day.s, rates of nitrification vary- 
ing from .71 to 1.09 per million parts of soil. The 
maximum quantity was formed when the soil con- 
tained 25 per cent of moisture. On a soil consider- 
ably richer — viz., .261 per cent of nitrogen — a higher 
rate of nitrification took place — 1.48 parts per milhen- 
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Tlio. ]ii!4l\est rate obtained in tliese experiments 
showed, when ealcnlated to pounds ])cr acre, about 
o.b taking tlu^ soil to a d(;pt.b of !) inelu'S. When 
llui soil was alternately dri(al and moistened the 
|)i()eess was most rapid. 

P()rtioii of f^tl-nUrojfr'ii wore nfsil// Nilrijiohh’ 

Ikoii the rest. 

Lastly, it may In; noticed that in the aliove- 
cited e\]Ha‘iments, and others of a similar kind, the 
process goes on most rapidly at first, and st(sidily 
(liniinishes thereafter. This is diu'. to the fact that 
there is generidly a (‘.erlain cpuintity of nitrogen in 
niost soils in a more easily nitrifiahle condition than 
the, I'est, so that when this beconn'.s oxidised nitrilica- 
lion proceeds more slowly. It would further seem 
tliat i1h‘ nitrogen of tluf .snb.soil is less easily nitrilied 
than that of the surface-soil. 


loitc of Nilrifir/elio/i (J eel need frorn Field JFpe/rmeiits, 

AVhile the above experiments throw much light on 
the rpicstion of the rate at which nitrification may go 
on under diflercnt circumstances, the results furnished 
i>y actual analyses of soils and their drainage-waters 
J^i'e of still more practical value ; and tlui liothainstcd 
experiments fortunately furnish us with a number of 
tliese valuable results. 
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(JiKintifif (if Niirtda^ formed in the mis of 
F(dloir Fields. 

These rcscarclies liad to he carried out on soil talaai 
fj'Oin holds lying in l)a,re fallow ; foi' no true csliuiati' 
of tTe amount of nitrates formed could have heeii 
obtained from eropjied lie.lds. In the first 27 iiielu'S 
of soil of six sei)arate lields, nitrate-nitrogen was found 
to vary from )lG.2i lb. to 59.9 lb. ])er acre. In four oi 
tlicst! fi(d<ls the la.rgi'st proportion was found in the 
first 9 inches of soil ; in the remaining two, in th(' 
second 0 inches; whih'. tlu', third 9 iuelics in two iields 
showed almost as large a. ])roportion as the lirst 9 
inches.^ 


Posit ioii of Nitiudes depends on Feoson. 

The })osiLion ef nitrates in tlie soil de})ends largely 
on the season; for, as has l)e(ai already pointed mil, 
tlieir jiroduction is almost entirely limited to tin' 
surface-soil, and it is only by being washed down in 
rain that tliey find tludr way to the lower layers. 
A wet season, therefore, has the effect of increasing 
their percentage; in tlie lower soil-layers. 

Nitrides in Dramtije-vniters. 

As there is a certain proportion of nitrates that 
hnds its way even below the first 27 inches of soil, 
the above results do not show tlieir total production- 

^ For full analytical results .see Ainiciulix, Note VII., p. 198. 
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'I'o (iccuratoly TstiniiiUi lliis ainoinii wo must asoerlaiii 
ilii! (juaiitity cs(‘a|>iu^!;‘ in draiua^^c'-waic'r. llori', a,L;aiii, 
llu! liotliaiiisted cxjx'i iuuads furnish us willi valual)li' 
(liiia. 'riui amount found in draina^i^c-widurs of oouvsl* 
iiafurally varios V(uy mucli, and d(‘|H‘nds lai|!;(dy on 
llu! raiidall ; l>ut takin;^ an avora.i;(‘. of twc^lvi; yoars, 
lliis lias ])cen found to amount to hotwaaui !U) and lO 
1!>. )K‘.r aero — an amount not. so very far short of thid. 
found in tlio first -7 inclu’S of tJu* soil ifsolf. This 
Mas from oom])arativoly poor soil, it must bo romom- 
bei'od, and a mm'h laroor (luantity would undoubtedly 
lie ])rodueed in the case of riehor soils. Addino then 
the iHiSults tooethor, wo find that in soils like, those at 
hotliaiushHl, when in liaro fallow, b(!twcon 80 and 00 
Ih. of nitrogen are eonvortod into nitrates in some 
f'luriemi months’ time — an amount espial to about 5 
'Avt. of nitrate of soda. It is a faet of no little 
I'l'aetieal signitieanco that nearly one-half of this large 
'peuitity is found in tlie drainage-water. 

Amon-nt pnxhiced at DiljVrcnl Times of the Year. 

^"Uie indieation of the rate at whieh idtrilieation 
takes plaeo during the dinerent months of the year 

obtained from a study of the results of the analyses 
"1 drainage-waters which we have just referred to. 
Jlds, however, it must be remembered, only furnishes 

Mith a Very approximate indication. The month 
^bowing the greatest amount of nitrates in the 
'daiiiagc-water must not necessarily be regarded as 
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tliul wliicli iiilrilicatioii lia.s bcu'ii most acUvr, 

for llio aiuoiiiiL diielly (Uipciids on ilia rainfall. In 
illiLstnifioii of tliin it will be fouiul that the (lrain!ige> 
water durinii; the autumn ami early winter mouths 
eontains most nitrates, not heeausc^ nitrification is most 
active; tli(;n, hut hceausc tlie rainfall is gr(;atest, and 
a large proportion of the nitiutes formed during the 
drier summer mouths is being only then washed from 
the; soil. The amount of nitrat(;s in drainage-waters 
steadily diminishes from autumn through the winter 
months, and is least in spring. The total amount of 
nitrates found in the dr.ainage-water is, therefore, not 
a safe guide. AVhat, however, does furnish us with a 
more reliable indication is the pcrmitfitjc. of nitrates 
in the drainage-water, liegarding the results of the 
analyses of drainage-water (see Appendix) from this 
peiut et view, it wWl i)e seen that this is greatest 
during the mouth oi ^eptemhev, and least during 
April.^ 

Mtrifiration of Manurci^. 

iK subject which has not yet been specially reieri’ed 
to, hut which is of great practical importance, is lla' 
iiitrilieation of manurial substances. It is unfortuiiafti 


' Wc jiiid the least ainomit in the month of AjU'il. In the Avatn 
from a 20- and OO-incli ^faiigc iT.six-ctivcly, the amounts were l.-h' 
and 1.61 lb. per acre (rainfall 2.25 imdie.s). From then on to 
vember the amount steadily inei-ease.s. In the latter month it reaelH. 
its maximum— -viz., 0.50 lb. (20-im‘.li gan^m) and 5.98 lb. (60-iiuI 
gauge) per acre (rainfall 2.30 inclie.s). vSee Ap})en(lix to Chapter lit 
Note VIll.p. ICO. 
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lluit ilu3 amount of rcsearcli liitlicrto devoted to tliis 
important qucHtioii lias lieen sli^^dit, and tliattlie know- 
J(jikj,G we possess is tlierefore very limited. 

A'limonid A(tlU 'ULoxf easili/ XitrifiaUc. 

One faek liowcvim, about wliicli tlieri! (-an lx; little 
doubt, is tliat nitrogen in the form of ammonia salts 
is, of all comiiounds of nitrogen, the most easily nitri- 
lial)l(i. Indeed, as we have already iudieated, it is 
highly probable that tlie conversion of the dilferent 
forms of organic nitrogen into ammonia is an inter- 
niediatc stage in the nitrification of these bodies. At 
any rate it seems to be invariably the case that wlieii 
a mixture of nitrogen (“ompounds, including ammonia 
salts, are allowed to nitrify, the nitrogmi in the form 
of ammonia is the first to become nitrilied. 

^•'Iphatc of Amvunmt mod c((silij NUriJiahk Mdivarc. 

it follows from this that sulphate of ammonia, the 
'“list common of ammoniacal manures, is one of the 
Liofst speedily nitrilied when applied to the soil. The 
iate at wluch the nitrification of tliis manure takes 
ihice naturally varies according to the (piantity ap- 
]hed, and other circumstances, such as the nature of 
soil and the weather, &c. That, under favourahle 
' iicuiustances, the conversion of ammonia into nitrates 
^ 'eiy lapid, has been shown by a numlier of ex])eri- 
aients. Jleherain has found that when sulphate of 
^^•aniouia was mixed with soil at the rate of 2 cwt. 
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per iiere, niiriru-iUiuii took pljice at tlie rate ot j 
of its nitnp^(‘.u ))er day. 

Unit’: ofKifnJinifit)ii of n/Iitr Mtiiiurt's. 

Of otlier uiti'o^caious inaiiuros, guaiio, it would seiuu, 
comes next to sid})liat(i of aiiimoiiia in the rate at 
which it becomes nitrilied in the soil; whil(^ next to 
liiiano stand green manures, dried blood, meat-meal, 
As we should (;x])ect, such a manui'e as shoddy is 
v(;ry slowly nitialied. The rat(^ at which the nitrogen 
compounds in farmyard manure become nitrilied, when 
iiicorpo]-ated with the S(.)il, vaiy very much according to 
cii'ciimstances. It goes on probably at a greater rate 
than the ordinary nitrilication of soil-nitrogen. It is 
a somewhat striking fa(*t that the elVect of adding 
nitrate of soda to thi^ soil may be at lirst to check 
nitrilication. That the addition of common salt, even 
in small (|nantiti('s, has this result, is at any rate 
certain. The presence of salt to the extent of one- 
thousandth of the weight of the soil, has a pr(\judi- 
cial elliict. 


Soils Ix’sl suit cd for NUriJlcttlioii. 

To recaiatulate, then, nitrilication is el'fected through 
the agency of micro-organisms, which are yn’esent to a 
greater or less extent in all soils, ft recyiiircs for its 
favourable devedopment air, warmth, moisture, absence 
of strong light, presence of a salifiable base — viz., car- 
bonate of lime — the presence of certain mineral food- 
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coiistiUieiits, such as ]:)liO';])liales, Jiiid a certain amount 
of alkalinity. It conser[uently takes place to the least 
extent in barren sandy soils. Soils rich, light, well 
ventilated, uniformly moist, warm, and clialky, are 
best suited for its (levelojnnent. ()th(;r things being 
cfpial, it develops better in a, line-gi'ained soil than 
ill a coaTse-grained soil, Ix'cause, in the case of the 
former, aeration and uniform moistening of the soil 
are best secunid. 

Jlmnrr of Xitrljladion in Fon'sl-soih. 

A point of considerable interest is the practical 
idisence of the process in forest-soils. The absence, 
or occiUTcnce in the most minutii traces, of nitrates in 
forest-soils has been accounted for by the lowness of 
the normal temperature of sucli soils and their ex- 
treme dryness. This latter condition is accounted for 
hy the enormous transpiration of water which takes 
place through the trees, (^specially in summer-time, 
which is such as to render the soil almost air -dry. 
Lastly, it may be accounted for by the want of mineral 
food ingredients. 

Ikariwj of Nitrificat ion on yU/ricultural 
rracticc. 

Before concluding this chapter, it may be well to 
hraw attention to the important bearing which nitrifi- 
cation has oh agricultural practice. The light which 
present knowledge — imperfect as it is — of this 

N 
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most interesting process throws on the theory of the 
rotation of crops is very striking, for it shows how 
the adoption of a skilful rotation may he made to 
prevent tlie loss of enormous (piantities of the most 
valuable of all our soil-constituents, — the one on the 
presence of wliich fertility may be said most to depend 
— viz., nitrogen. 

Iksirahlc (o have covered with Vefjeiation. 

The constant production of nitrates going on in the 
soil, the inability of the soil to retain them, and the 
consequent risk of their l)eing removed in drainage, 
furnish a strong argument in favour of keeping our soils 
as constantly covei'cd with vegetation as possible. 

Permefncnt Pasture most Jkonoviiced Condition of Soil. 

From the point of view of conservation of soil-nitrates, 
permanent pasture may be said to be the most econo- 
mical condition for the soil to be in. Tn such a case 
the nitrates are assimilated as tlicy are formed, and, 
by being converted in the plant into organic nitrogen, 
they are at once removed from all risk of loss. A 
consideration, therefore, of the process of nitritication 
furnishes many arguments in favour of laying down 
land in permanent pasture — a practice which of late 
years has been increasingly followed in many parts of 
the country. As, however, it is not possible or desir- 
able to carry out this practice beyond certain limits, 
the rotation which most nearly conforms to the con- 
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(lilioii of keeping the soil covered with vegetation, .'uul 
most approximates in this respect to })ermancnt pas- 
ture, is most to be recommended. 

NUnJiaition <vnd lloUdwn of (Jroj}s. 

Tlie chief risk of loss of nitrates is in connection 
witli a cereal crop such as wheat. AVhcrc turiii])s fol- 
low wheat, there is a period during which the soil is 
left uncovered, and during which most serious loss of 
nitrates is apt to ensue. The risk of loss is enhanced 
by the fact that the assimilation of nitrates by cereals 
ceases before the season of their maximum production 
ill the soil. The soil is then left bare of vegetation 
during the autumn, which is the most critical period 
of all, and the result must be serious loss. In order to 
minimise this loss, the practice of growing catcli-crops 
has been liad recourse to. As, however, tins practice 
will be dealt with elsewhere, nothing further need 
liere be said. 
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NOTE T. (p. 102). 

Old Theories of Nituieioatio\. 

AccordiD;^ to tlu'. old tlicorici^, nitriticaiiou was I'c- 
gardad as a siinplo caso of iho oxidation of nitrogen l)y 
tlio oxygen of the. air, or l)y o/<»ne. 'rii(5 union of nitrogen 
and oxygon, however, })i'ol)al)ly takes place only at very 
high teinperaturi'S, such as are, formed during electric dis- 
charges. It is needless to point out tluit, the union of 
nitrogen and oxygen in this way is not likely to occur in 
soils. According to otlu.'r theories, nitrilication was effected 
hy means of the oxidation of ammonia. Ammonia, how- 
ever, can only he oxidised to nitric acid hy ineans of cer- 
tain ])owerfnl oxidising agents, such as ozone or hydrogen 
peroxide. As, howevtu’, these substances are not found in 
the soil, it is much to he doubted whclher nitric acid is ever 
formed in the soil in this way. It is possible, however, as 
held by some, that fi'.rric oxide is capable of inducing this 
conversion. On the whole, however, most evidence points 
to the conclusion that all nitric acid produced in the soil is 
formed through the agem^y of micro-organic life. 

NOTE II. (p. 170). 

The important fact that nitrilication can take place in 
solutions practically devoid of organic matter, was first 
shown by Er J. IL ]\J. Muiiro (‘Chemical Society Journal,’ 
August 1886, p. 56 1). It was further corroborated by 
Warington and P. F. Frankland. Winogradsky, however, 
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li:is ctirriiHl out tlu^ most (•oiiclusivc cxperinumts on tlio 
subjt'ct. “ IIo pi- 0 [)avc(l vessels aiul solutions, c-urefully 
])urilie(l from organic matter, ami tli(!S(3 solutions lui sowed 
with the nilrifyinj;’ ori;'anisni. Finding that under these 
conditions the nitrifying organism inensascul enormously 
and displayed its full vigour, he proeeedeil further to 
d('t(!rniino the amount of (*arhonac('Ous organic matter 
fornuid in solutions afti^r the inti'odiietion of the organism. 
Hy mahing the nitrilication intensive, h(3 was able to obtain 
considerahh! (piantiticis of carbon from the. nitrilied solutions 
by the })roc(‘ss of wet combustion. In his tliird mmnoirhe 
])ul)lisht's tigures which a[)|iai'ently show a close relation 
between the amount of nitrogen oxidised, and the amount 
of carbon assimilatcMl ; the ratio is about 35:1.” — See 
liulletin of U.8. I)i‘|)ai'tment of Agriculture, No. <S, con- 
taining la'ctures on hothamsted Experiments by lb Wa-, 
rington, F.lbS., p. 50. 


NOTE HI. {\K 170). 

The oxidising |)ower of the micro-organisms of soil is not 
(‘iinlinod to tin; oxidation of ammonia or of organic, matter, 
Miintz has .shown that soil is capabl(3 of oxidising iodides 
to hypo-iodides and iodab's, and l)romides to hypo-bromides 
and bromates. This is a ve-ry important residt, and seems 
to indicate, that nitrification is part of a general oxidising 
action, and that we must not assniiui that nitrites or nitrat(?s 
an' i>roduced b('caus('. they ar(i in themselves of advantage 
to the organism. 

NOTE IV. (p. 172). 

“ AVhen urine in ditlercnt degrees of dilution was treated 
■with soil, 1 gram of soil being added to 100 c.c. of diluted 
urine, nitrification commenced in tin; 1 -per-cent solution 
in 11 days, in the 5-per-cent solution in 20 days, in the 
10-per-cent solution in 62 days, in the 12-per-cent solution 
in 90 days. The alkalinity of the last-named solution 
when nitrification commenced was equal to 447 mgs, of 
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iimmoiiiii. por liln^. A Rohiiion wiili :iu alkaliiiiiy of oOO 
mgs. of aiuinooia por litro is a]tparcotly iiiniitriliaklo,” - 
American I )(',})artment of Agrieiillun', llulhiliip Waring- 
ton’s T.,(!ciur(is on Pioiliamsied TAperimcnts, p. 51. 


NOTE V. (i*. 171). 

l’rofi‘ssor V. F. Franldaml in liis cxpevimeiils ns('(l tlic 
following s( 

Nil/'] 

iipo, 

MgSO, 

Ciifd,. 

NOTK VT. (p. 187.). 


Exponment by lloiissinganli on liat(^ of iSAirillcatioii. 


l.%7. 


rciT.cntaKO of Nitvalc 
of Potasli. 

- lb. j)cr a/To. 

August, 5 . 


.01 

:54 

August 17 . 


.0(5 

222 

S('i)teuil)(‘r 2 


.18 

(EM 

SejitoiuiKU' 17 


. 22 

7(50 

Octolicr 2 . 


.21 

728 


uiions 


:^niis. X 

•1 I 
.02 / 
.01 

5.00 I 


111 1000 c.c. of distilli'il wiitcv. 


NOTE VII. (p. 188). 


Nitjiooen as Nitrates in Rothamstkd Sons after hark 
FA ia/iw IN Jm. PER Acre. 



Altcniafc 

Fonr-(.'oui's(’ rotation. 



l)(‘l)th of 
Soil. 

Wheat 

and 

Fallow. 

Snper- 

pliospluitc 

only. 

Mix(.'il Mannrc. 

Clay croft 
Field. 

Foster’s 

Field. 


isrs. 

ISTS. 

1878. 

lSS-2. 

1881. 

1831. 

Lst 9 ills. 

11). 

28.5 

11). 

22.3 

11). 

30.0 

lb. 

40.1 

lb. 

16.4 

lb. 

14.6 

2(1 9 iii.s. 

.5.2 

14.0 

18.8 

14.3 

26.5 

24.6 

3(1 9 ins. 




5.7) 

15.9 

17.3 

Total 

33.7 

36.3 

48.8 

59.9 

58.8 

56.5 




1 
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cHiVrTKi: V. 

THE POSITION OF PIIOSPIIOUIC ACID. 

We Tiow coiiiB to coiisidci' tlic position of pliosplioric 
acid in agTicult-nro. Tlic fpiestion is, liowt^ver, very 
nnich simpler in its nature than tliat of nitrogen, and 
may be conscrpiently discussed in a much shorter 
space. 

]\rost soils, as wo have already had occasion to point 
out, are better supplied with availahde ash-ydant in- 
gredients than available nitrogen c()my)Ounds. The 
([uantity of phosphoric acid absorbed by the ydant 
is also less than that of nitrogen; and lastly, the 
different chemical comywunds of phosydioric acid 
occurring in the soil are not nearly so numerous as 
those of nitrogen. Pliosydioric acid, however, must be 
regarded as ranking next to nitrogen in its importance 
Ts a soil-constituent. 

Occurrence of Fhosphoric Acid in Naf/ure. 

That phosphoric acid is of universal occurrence may 
assumed from the fact of the almost universal 



200 


TllK rOSlTION OF rilOSPIIOlUC ACID. 


occiirrence of vegetable life on ilio earth’s surface; 
for plants are nnable to grow witliout it. While 
thus of practically universal occurrence, its amount 
in most soils is very trifling. As the only source of 
it in the soil is from the disiutegration of the diflbr- 
ent roclvs, ii short desei'iption of its occurrence in the 
mineral kingdom may first be given. 


Mineral Soierccs of Phospl tor ic Add, 

It was first discovered in the mineral kingdom 
towards ilie close of last century ; but we have only 
of late years ascertaimul any (exact knowledge of 
its percentage in the diflerent rocks out of which soils 
are formed. This has liecn sliown in many cases 
to be very trilling. It most abundantly occurs as 
apalite, a minm'al (amsisting of calcium phosphate, 
with small (]uantiti(cs of calc.ium fluoridci or calcium 
chloride. This apatite, or ])hosphorite, is found in 
certain parts of the world in large masses ; but as a 
rule, it only occurs in small (piantities in most rocks. 
It may be stated that the older rocks are, as a general 
rule, richer in it than those of more recent formation ; 
and Daubemy has drawn attention to this faet as fur- 
nishing a useful guide in estimating the ])robable rich- 
ness of a soil in phos])horic acid. The (dder, therefore, 
a roedv is, the richer it is likely to be in phosphoric^ 
acid. 

Apaf/itc and r/wsphorile. 

Of apatite there are a variety of k^nds, which differ 
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in' their appearance as well as in their composition. 
It ocenrs chielly in a crystalline form, and is found 
sdinetimes in regular crystals, l)ut it also occurs in 
tlie amorphous form. In colour it may be wliite, yel- 
low, brown, red, green, grey, or blue. Two classes of 
apatite arc found. The first consists of calcium ])bos- 
])liatc along witli calcium fluoride; and in other binds 
of apatite tlu^ calcium iluoridi' is replaced by calcium 
cldoiidc. rbos])liorite is anolbcr name for iipatiie, 
but is chic11y a])[)lied to inpuire amorphous a])atite. 
Tim pcrceiduge of pb()S))hate of lime in diirerent kinds 
of apatite may U) stabsl at from 70 to 00 per cent. 
It occurs in very large (juantities iu (binada, the Cana- 
dian apatite being veiy rich in ])bos]>hate of lime — 
<S0 to 00 p(‘r cent. In many parts of the world it 
forms portions of mountain-masses, and is rpiarried, 
cruslied, and used for artilicial manurial puiposes. 
Turther details of its occurrence and cliemical com- 
]>osition will be found in the A])])endix.^ 

CoproliU'S. 

In many parts of the world round nodules, largely 
consisting of phosjdiate of lime, have been found, to 
which the name “ co])rolites ” has been given, on the 
assumption that they consisted of fossilised animal ex- 
crements. These coprolites, or ostcolites as tliey have 
•dso been called, viiry in the percentage of pliosphatc 


^ Seo Appendix, Note 1., p. 210. 
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of liiiKi Llioy contain. Soinctinujs thi.s amounts to 80 
per eo.nt, Imt as a. rule it is very niiieli l(\ss. Tluy 
also in tlie past liave formed an important source of 
m.aiuirc, and will 1 j(^ reOuTcd to subseriucntly. 

(luaih). 

AVe liave, lastly, plmsplioric ac-id oecurrim;- in larij^c 
quantities in guano-deposits, cliielly found on the 
west coast of South America. Tlu'se deposits, which 
have hcen of enormous importance as a source of 
artificial manure, are of animal origin, and will he 
discussed at considerahh* length in a cliapter s])ecially 
devoti'd to the suhject ; so that we need do no more 
than mention them hm’e. 

riiosphoric acid is also found in the form of ])hos- 
phate of lime in certain rocks as “layers” and 
“ [lockets.” 


Utrivcrsdl Occurrence in Common Rocks. 

But while it is thus found in considerahle rpian- 
tities in various parts of the world, and while no 
anxiety need thus be felt as to its abundance for arti- 
ficial manurial purposes, its occurrence in the common 
rocks, which, as we have already pointed out, is prac- 
tically universal, is in many cases very minute. 

Eownes first identified it in the felspathic rocks in 
1844 ; and since then its percentage in granite, lava, 
trachyte, basalt, porphyry, dolomite, gneiss, syenite, 
dolerite, diorite, and a number of other rocks, has 
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l)(H!n (IctcriniiuMl by nmiicruus investigators. For 
analyses ol‘ these rochs the reader is rchTD'd to the 
App(ai(lix.^ 

Occvrrcnrc in, Ihr 

Tli.at no soil is actnally withont phosphoric a(;i(l is 
highly prohable, but in many soils it is present in tlie 
merest traces, and even in fertile soils it is rarely 
present in rpiantiti(‘.s over two-tenths of a ])cr cent ; 
while half that amount, may be taken as an average 
for most fairly fertile soils. Fids would be about 
ddOO lb. per acre, (adculating the soil to a depth of 
0 inches. In exceptional cases it has been found 
to the (extent of .o p('r cent ; and in the famous 
liussian hlach earth it has been found to amount to 
.0 per (‘(‘lit.'' Like nitrogen, it is found in greatest 
amount in the surface ])Oi‘tion of the soil, Imt its 
amount at dithu’ent depths do(‘S not vaiy to the same 
extent as we liave found to be the case with nitrogim. 


Condition in ruliirh Phoqohork Ac/id in prcmit 
in the Soil. 

Unlike nitrogen, phosphoric acid occurs in the soil 
ahnost entirely in an mnoluhle form; and when ap- 
plied to the soil in a soluble form, is speiulily con- 
verted into an insoluble condition. Its most com- 

’ See Appendix, Note Ih, p. 211. 

“ These results, as indeed all soil porccintages, arc calculated on the 
^<»il in a dry condition. 
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monly occurring forms are as phosphates of lime, iron, 
and alumina. Tliese facts arc of importance to re- 
memher, as they explain wliy phosphoric acid is not 
found in drainage- water in <‘iny quantity. It also 
shows liow littl(! tlie risk of loss from drainage is in 
tlie application of artificial pliosphatic manure to the 
soil. 

OmirrmcA’ in Phinfs. 

The ])ercentage of phosplioric acid in plants, lik(' 
other ash-constituents, is subject to considerable vari- 
ation, and depends on a variety of conditions, sucli 
as the state of tlie })lant’s deve]o|)ment, nature of 
soil, climate, season, treatment with manunis, &c. All 
these conditions luive a certain inlliumce. The dinbr- 
eiit parts of the plant liave been found to contain it 
in diirerent quantities. Tln^ tendency of phosphoihj 
acid is to travel up to the higher portions of tlu' 
plant witli the progress of growth, and to fimdly 
accumulate in the s(Ujd. As illustrating this, it may 
be mentioned that the inner portion of the stalk of a 
ripe oat-plant lias beim hniiid to contain only a seven- 
teenth of the amount of yjhosphoric acid found in 
the same portion of tlie stalk of a young oat-plant. 
Similarly it may be mentioned that, while the ash of 
the grain of rye and wlieat contains nearly half their 
weight of phosphoric acid, the percentage present in 
the ash of other parts of the yilant amounts only to 
from 5 to 16 per cent. The percentage of phosphorus 
is greater in young plants than in mature plants ; it 
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is greater also in quickly developed plants than in 
slowly developed plants. 

In the plant, phosphorus is present chielly in the 
alhuminoids ; and its absorption from the soil takes 
[ilace in greatest (luantity during tlu; })eriod of niax- 
iinum growth. Tii beans and ])eas an oil containing 
])liospliorus has btieii found. 

Occiirrmco in A niiiials. 

Tliat pliosphorus in dillercnt forms exists in animal 
tissue is well known. It is found both in the brain 
and in the nerves, as well as in nearly all the Iluids of 
the animal body. It is, however, in the liones tliat it 
is most abuiulant, the mineral portion of which is 
almost entirely madti of phosphate of lime, — a fact 
wliich renders bones such a valuable artifienil iminure. 
Altogether, phospliorie acid occurs in the animal ])ody 
to the extent of 2.d per cent. There is a point which 
we sliall have occasion to draw the student’s attention 
to further on in discussing the nature of farmyard 
manure — and that is, that the urine of the common 
farm animals is practically devoid of phosphoric acid. 

Sources of Loss of Fhosphoric Acid in Agriculture. 

As we have already done in the case of nitrogen, 
we may now attempt to form some conception of the 
■'sources of loss and gain of phosphoric acid in the soil. 
I'he sources of loss may be divided into natural and 
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urtiticiiil. Of luitiiral souvcos of loss we luivc only one, 
and that is loss by drainage. 

/a)ss of riiosphoric Aim! bij Drimuujc. 

A\'e have already seen lliat the eondition in wliieh 
phosphoric acid is present in the soil is as insoluble 
phosphate. In drainage-waU'r it occurs in mere traces. 
Minute though tlui amount seems when stated as per- 
centage, and small as it aj)pears beside tlu^ loss (from 
the same source) of nitrogen, it is yet, if considered 
for large areas, sullicicmtly striking, 'thus it lias been 
estimated that in the river kibe there is carried oil' by 
drainage from the lields of Jlohemia 2-|- million jiounds 
(1:100 tons) of phosphoric acid annmdly. This, it is 
true, is a very trilling amount com])ared with the 
annual loss of nitrogen from an e(|ual arcii ; but then 
it must be remembered, on the other hand, the sources 
of gain to the soil of this ingredient are not so nu- 
merous as are those of nitrogen, the only sources of 
phosphoric acid being in the manure applied to the 
soil, and that coining from the gradual disintegration 
of phosphatic minerals. 

^ I rtijiclal tSoiim’s of Lohs. 

Tlie other sources of loss may be classed under the 
term artificial, and are conneeted with agricultural 
practice, flust as wo have seen that in the case of 
nitrogen enormous quantities of that substance are 
constantly being removed from the soil in those crops 
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wliicli arc coiisuincd oH’ tlie farui, so, loo, cnornioiis 
(|uuMtitics of phosphoric acid arc being removed in the 
same way. .As illustrating this fact, it may be mentioned 
that Ih’ofessor (drandeau lias recently estimated that 
ill the entire crops grown in France in one year there 
are ahout 298,200 tons of phosphoric acid ; while the 
amount returned in the dung of farm aniimds is only 
157,200, or only alumt one-half of what is removed in 
tlie (‘I'ops, leaving a delicit of 147,000 tons to be imide 
good by the addition of artilieial iihosphatie manures, 
if the fertility of the soil is to be maintained. The 
same authority has calculated that in the bones of the 
entire farm animals in France there is no less a (pian- 
tity tlian 70,820 tons of phosphoric acid. 

As an example of how, in many eases, the ;imount 
of phosplioric acid removed from the farm is very 
often much greater than that restored, a case ipioted 
by Crusius may be cited. This was a farm of 0/0 
acres (Saxon) which had received only farmyard man- 
ure, and from which, during sixteen years, 985.07 
cwt. of phosphoric acid had been sold oil in the 
crops ; while only 408.33 cwt. had been restored in. 
the manure, leaving a loss of 577.34 cwt. 

riiosplwrw Acid rmoved in Milk. 

A further source of loss is the phosphoric acid 
removed in milk. In the total annual yield of milk 
from one cow there may be from 11 to 12 11.). of phos- 
phoric acid. 



208 


TIIK POSITION OF PllOSPIIOlilC ACID. 


Loss 'in Treatment of Farmyard ilfaimre, 

The risks of loss of plios])horic acid in the treat- 
ment of farmyard manure are not so great as in tlie 
case of nitrogen. There is, liuwever, a considerable 
risk, through want of [)ro])er pnicautious, of the soluble 
pliospliates l)eiug waslied away by rain. 

Loss in IdcvHuje. 

The loss of pliosplioric acid incurred by tlie present 
method of smvage dis[)Osal is not so large as tlie loss 
of nitrogen, inasmuch as the (piaiitity of pliosplioric 
acid coutained in humau excreta is veuy much less. 
Itoughly speaking, it may lie said to amount to a little 
less than one-third of tlu‘. nitrogen lost in this way. 

Fmrccs of ArtiJU lal (Jain of IJiosphoric Acid. 

To balance these losses, we have a practically un- 
limited supply of mineral phosphates for application 
as artificial manure, as well as large quantities of 
other manures, many of them already mentioned in 
connection with nitrogen, such as bones and guanos 
of all kinds. Quite recently, also, a large source of 
phosphoric acid has been opened up in the basic slag, 
a rich phosphatic bye-product obtained in consider- 
able (quantity in steel-works from the basic process 
of steel manufacture. We have also large quantities 
of qihosphoric acid in the imq)orted feeding-stuffs, for 
statistics regarding which we would refer our readers 
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to a previous chapter. The question of the actual 
amount contained in these sources is not of the same 
interest as in tlie case of nitroi^en, and ikhmI not tliere- 
forc detain us. We have siiUlciimtly indicated tlie 
importance of phos])horic acid in ai^ndcultuio by tlie 
statements above given. All furtlicr consideration 
of phosphoric acid must therefore he d(d‘eiT('.d to 
future chapters. 


0 
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NOTK I. (p. 201). 

(Ju.Ml'OSITION Oh' Avatitk ( VTiclcker). 


Lime . 

(Krcujcivc, Noiiray.) 

52.16 

l’li()S))horic acid 


11.25 

Chlorine 


1.10 

Fluorine 


1.23 

Oxide of iron . 


0.29 

Alumina 


0.38 

Potash and soda 


0.17 

tVater . 


0.42 



100.00 


ApatiU* is found in considei’iiljlo quaniitios in Anicricii, 
Ocriaany, France, S])ain, Hungary, Norway, and Great 
Priiain. A(‘(a)rding to Pose, apatite is made up of three 
molecules of tribasie calcium })liosj)hate (Ca(P()J>j), coui- 
l)ined with one nioleculo of calcium Ihioriile (Ca F._,) or one 
molecule of cidcaiim chloride (GaCl.j) res})cctively. 

The com})osition of the pure mineral should he — 

Chloi'apalik. 

Calcium phos])liatc 

Calcium chloride 

FluorajxUite. 

Calcium ]thospluitc . 

Calcium ihiorido 


I’cr cent. 
89.38 
10.62 


92.31 

7.69 
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NOTK 11. (p. 20:i). 

'rii(‘. I'ollowiii”' is :i list ol llio (‘(umiKiiK'.r rocks in which 
I he pcrconhiL^c of phosplioiic. acid has ])ccu deiermined. 
Tli(‘ residls arc takcai from aiial_yscs hy Mcsl)it, Scliriniiin, 
ncrL;cinann, Hose, |)ehcrain, I laiidl-ki*, Hcici’scn, Ncsslcr, 
Muth, I^'leaschmaiin, »SD)rcr, and oilicrs : — 


Per cent. 


Felspar 

1.7 



Oraiiite 

O.ut) 

0.25 

0.58 

Lava 

1.21 

l.S 


Trachyte . 

().:10 

0.00 


Lasalt 

O..o() 

1.11 


Pori thy rv . 

0.2t) 



Marl ■ ■ . 

i.4r> 

2.:n 

8.8 

Calcareous sloiies . 

(J.OGl 

0.170 


Jloloiuite . 

.. L21 



Lias chalk r “ 




(lm‘iss 

0. 1 s 

0.78 

1.51 

Sycnile 

0.10 



lioleriii! 

a.:5 

1.1 

1.2 

I)i(tril(! 

O.o 

0.00 
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CHAPTER VI. 

THE POSITION OF POTASH IN AGKICULTUUE. 

We may, lastly, consider the position oi potash in agri- 
cnlture, the only ash ingredient of the plant, in addi- 
tion to pliosphoric a(dd, wliicli it is as a ruh^. necessar}' 
to add as a niannre. 

Potash of Irss Imporlamc. than Phosphoric Acid. 

It is of far less importance than phosphoric acid, 
from the fact of its nuicli more al)uiidant occurrence 
in the soil, as well as from the fact tliat under the 
ordinary conditions of agriculture, altliough removed 
from the soil in considerable quantities by crops, it 
finds its way back again in tlui farmyard manure ; for 
it has not the same tendency to accumulate in large 
quantities in the grain or seed as we have seen to he 
the case with phosplioric acid. On this account straw 
contains a much greater proportion of potash than 
phosphoric acid, and hence farmyard manure may he 
regarded as fairly rich in potash. 
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Ocxurrrnre, of Pofash. 

Of all sources of potash the ocean must he regarded 
as the chief. Millions a.nd millions of tuns are presiuit 
ill a state of solution in the salt water of the ocean. ^ 
Like phosjihoric acid, its occurrence in the i-ocks form- 
iiiL^‘ the earth’s crust may he said to he jiractically 
universal. Many of th(‘ commonly occurring rocks 
and minerals are extremely rich in it, and hy their 
disintegration furnish large rpuintities to the soil. 
Some of tluise rocks (‘.on tain it in such almndama' 
tliat tlu'.y have heen tried as potash manures; and 
were otlnu' more valuable sourcais less awailahle than 
they actually arc, such a practice might wcdl be re- 
(‘onmiciided. A volcanic ro(dv known as palagonilr, 
and that most ciommonly oc,curring of a.ll potash min- 
(‘I’als — vi/., felspar — havui both been exjierimentcd 
with in this way with considerable success. 

Fiisjmr ami other Potash Mimrals, 

That telspar should prove, when finally ground, 
a valuable source of potasli, is not to be wondered at 
when we remember that som(^ varieties of it contain 
over IG per cent. It lias been calculated that a single 
oubic foot of this mineral is suflicient to supply an 
oak-wood, covering a surface of 26,910 sipiare feet, 

' According to Boguslawski and Dittinar, the total amount of 
potash calculated as sulphate of potash iii salt water et|uals 1141 
X 10^- tons. 
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with potasli for a. period of no less than five years.^ 
Some idea of the enonnons hn’tility of a soil 

containing felspar, so far as potash is concerned, may 
l)e obtained from this statenamt. Tt nnist be remem- 
bered, liowever, that it is oidy tlu' ortlioclase or potash 
felspars wliich contain hirge qnantities of ])otaslv - 
other felspathic rocks, sucli as oligoclase and labra- 
dorite, being comparatively poor in it. Another com- 
monly occurring mineral which is ricli in potash is 
mica, which has been found to contain from 5 to lo 
per cent. From tliis it follows that rocks which have 
large ainounts of these ndncrals in their composition 
— such as granite, for example, which often contains 
f) or G per cent of potash — form by their disintegration 
soils rich in this ingredient 

Ttut in addition to the sources of potash already 
mentioned, it exists in other forms in the earth’s 
surface. Till witliin recent years it was obtained 
for commercial purposes from tlu; ashes of plants, 
which, as we shall immediately see, arc extremely 
rich in this ingredient; from saltwater — this source 
giving rise to the so-called “ salt gardens ” on the 
coast of France; and from nitre soils in different 
parts of India, referred to already at considerable 
length. Large mineral deposits, however, have been 
recently discovered in the neighbourhood of Stassfart 
^ See Storor’.s ‘Agricultural Clieiiiistry,’ vol. ii. p. 291. 
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ill Germany, and have since their discovery supplied 
all the potash requin^.d for inanurial and other pur- 
poses. In these deposits (similar ones have also been 
found at Kalusz in the (^irpathiau Mountains) there 
are no less than live diliercnt minerals wliich contain 
potash. The form in which it is present is as sulphate 
or chloride, so tlia.t it is readily available for plants, 
and is of altogether very mmii greater value than the 
form ill which it occurs in the minerals already mcn- 
(iomjP — viz., as an insoluble silicate. Of the Stassfurt 
potash salts, the liest known as a, nmnurc is kaimt, 
which contains about 32 per cent of sulphate of 
potash. A list of the other potash minerals, with 
the particulars of their composition and the pm- 
centage of potash they contain, will be found in the 
Appendix.^ 

()ccMnu:ncj' oj 

We have already had occasion, in (Jhai)ter IV., 
when discussing the question of nitriheapion, to lefer 
to the occurrence of nitrate of potash in certain soils 
ill India, which have formed a large source of saltpetre 
used in commerce in the past. 

Occurmw' of Potash in the Soil 

Trom what has been said regarding the richness in 
potash of certain commonly occurring minerals, such 
:is felspar, it is only natural to infer that most soils 

^ Seo Appendix, Note I., p. 220. 
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must contain large quantities of tins substance; and 
this is so. Tlu' womh'r is tliat j)otash, when applied 
as an Jiiiilicial manure, should have such a marked 
ellect in increasing the fertility of the soil, as is often 
tlic cas(‘. We must remember, liowever, that although 
a soil may contain hirge quantities of potash, there 
may be a very small p(U’centage of the whole in au 
available form for the plant’s needs, 

Votash chirjfjf in imoluhk (Jonditlon in Soils, 

Potash occurs almost entirely in soils in a very in- 
solubl(‘ form — viz., combined witli silica as a silica, te 
of potash, ft is only ]»y tin*, slow disintegration of 
potash rocks that the pota,s]i they contain is set free 
for plant uses. When it is applied as an artificial 
manure, on the other hand, it is in a soluble form. 
In most soils the amount soluble in water probably 
lies between .001 and .000 per cent; thad soluble in 
dilute acid solutions from .1 to .5 ])er cent; and that 
ins(jluble from .2 to o.r) ])er cent of the soil. It is 
highly probable that a certain quantity of potash in 
the soil may exist in combination with humic and 
ulmic acids, forming insoluble potassium humates and 
ulmates. 

FofMsh in Plants, 

Of all the ash ingredients of plants, potash is the 
most abundant, as it forms on an average about 50 per 
cent of the total a.sh of i)lants — about 90 per cent of 
the alkalies. The ash of plants, indeed, was for long 
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the cliief source of potash. Certain plants remove 
very large (pi an titles from the soil. Of these roots, 
potatoes, the vine, the tobacco-plant, and ho])S may be 
mentioned as examphis. Tt is present in large (pian- 
tities in the grain of cereals, although, as we have 
already pointed out, not to the same projiortional ex- 
tmit as phosphoric acid, it is found in tlie plant’s 
extremities, sucli as twigs and new leaves, in greatest 
almndaiice.'^ 

Polmh in the A nimal Tksiic. 

It is also found in all parts of the animal body. 
Kspecially rich in ])otash sjilts are the blood corpusch's, 
which contain about ten times the amount contained 
ill the serum. Tt is found in esjiecial abundance in 
the lleccc of sheup, which may contain more potasli 
tluin that in the whole body of tlie sheep. Animal 
urine also (?.onta.ins ])Otash in considerable (piantitles. 

Aonrers of Losa of Potaeili. 

Tlie capacity of the soil to retain soluble potash 
compounds, while not ecpial to its capacity for re- 
taining phosphoric acid, is yet very much in excess of 
its capacity for retaining nitrates. The result is, that 
potash is only found in comparatively minute traces 
hi drainage watcr.^ Taking the same example as we 

^ Sec Appendix, Note II., p. 220. 

“ According to Way, din'erent samples of drainag(i waters were 
tound only to contain from .00003 to .00031 per cent. 
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already cited in illustration of tlic loss of phosphoric 
acid, we find tliat the anionnt carried away in the 
course of a, year in the waters of the Elbe from 
Ijohemia is 97,000,000 11). (4.‘),d00 tons). 


Potash rcmoird in Crops. 

The anionnt of potash removed by the diflerent 
crops from the soil will be considered in a subscrpieiit 
chajiter; We need only say here that the class of 
cro])s which remove the largest quantity are the root 
crops, es])ecially mangels. The loss is least in the cas(^ 
of the cereals. The amount of potash contained in 
the straw of cereals is about three times the amount 
of that removed in the grain. 

J\)l(u]i rnnovrd in Mdh\ 

Lastly, we may refer to the potash lamiovcd in milh, 
which, on an avei’age, may be taken at 1 0 lb. per annum 
for each cow. 


Votash Mamirrs, 

Of potash manures the chief are the sulphate and 
the chloride, or, as it is commercially known, the 
“muriate.” The chief source of potash manures arc 
the Stassfurt deposits already referred to. Wood- 
ashes have also been used in large quantities in the 
past (chiefly as a potash manure), and in some parts 
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of tlic world arc still used. A cousiderablc source of 
artificial poiassic. manures is the refuse manufacture of 
sugar-beet, sucli a large industry in (dermany. rotasb 
occurs as a constitmmt of certain other manures, more 
valuable for ' nitrogen and [)hos[)lu)ric acid, such as 
guano and dried blood. 
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NOTK 1. (|). ^ir,). 

Amount ok Potash in Dn<’KKJii':NT Minerals. 


Ffilspnvs— r.Tcciitn^'(! ol' potasli. 


(a) Orth()cl:iS() 

) D.n 
• ( 18. 1!) 

10. 2S 

1 1.8;'. 

11.07 

1.5.21 

12.12 

10.7 

12.47 

(/)) Oligoclast' 

0..^»O 





{(•) Labradoritc . 

. 0.88 





Mica . 

\ f)An 
• !).()() 

0.20 

10.25 

7.23 

12.40 

8.20 

13.15 

8.9.5 

Ani])hil)o]c . 

0.25 

2.90 




PyroxciK' 

. 0.84 

2.48 




Ti('nrit(i . 

. 18.(i0 

18.01 




Zeolites . 

. 0.:!0 

9.8.5 

0.98 

4.93 



St.nssl'nrt. ]>otasli salts — Uer ci-iit.. 

{(() I'dlyhallilo, pnfitssiiim suljiliatr. ... 28 

(/<) Kiiniallitc (Kt'l.ApA'I./ill.,,,), ('hlorithi 24 to 27 
(c) Sylviii, \\\\\v 'i>(>lussiHiii chloritfr. 

{(I) Kaiiiit ■'>'''/- 

j)h(ite ........ 82 

(^0 Scliociiitc (1PS0„ Mi'SO,, OlPO), \mvv. 2 ^otnsshim 
rmujnesiiuii sii/pliafc. 


NOTP 11. (i). 217). 

Till' (|iiaiiiiiy of poiasli ()l)iaiiial)l(‘. from various ])laiits 
ill ilio maiiufacturo of potashes on a lai’^fc scale is illiis- 
irateil lyy the following staieimmls. 1000 lb. of the follow- 
ing vegeiativG products yield the following rpiantitics oi 
potashes : — 

11 ). 

l-i 
I7i 
20 
40 

(Storcr, ‘Agricultural Clieiiiistry,’ vol. ii. p. 108.) 


01(1 poplar-wood 
Old oak-wood . 
Coru-stalk.s 
Pcan -stalks 
Grai)o-vi]i(; Iwivs 



PART III. 

M A N U R E S 




CHAITKIJ VII. 

FARMYAIU) MANURE 

Farmyard manure is the oldest, and is still undoubt- 
edly the most popular, of all manures. It has stood 
tlie tost of long experience, and lias proved its posi- 
tion as one of the most imjiortant of all our fer- 
tilisers. It is highly desirable, therefore, to make 
a somewhat detailed examination of its composition, 
and to see on what the variation in this depends ; 
and, linally, to examine into the mode of its action 
as a manure. 

That it should prove a valuable manure is scarcely 
t<' be wondered at, as it is originally formed from 
Vegetable substance, and as it therefore contains all 
i^ke elements present in the plant itsidf. 

Its composition is very variable, and probably 
two samples would yield exactly similar aiial- 
y'^’Cs. Ill this fact lies one of the chief difliculties 
af the treatment of the subject, and all statements 
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made in tlic following pages as to its cluniiical com- 
position must l)e taken as only wpproxliunU. 

We may divide its eonstitiients into three classes. 

1. That portion due to solid rxnrfa. 

2 . The liipiid ])ortion, largely made np of dilute 
'Urine, 

8. Tlie dr(vu\ or otlicr matcriah whicli is used as 
litter. 

The composition of tlie niannre will vary according 
to the pro])orlion in whicli thi'se three substances 
arc present, as well as according to the composition 
of tlie suhstanci's themselves. It will coiisecpiently 
tend to a clearer a])])re.hension of the subject if wc 
first examine briclly the chemical coni])osition of the 
solid excreta and urine of the farm animals. 

1. Solid Excretu. 

The nianurial value of the solid excreta of animals — 
y.r., the protiortion tliey contiiin of nitroyen, phoqdiorie 
acid, and potash — depends on a variety of conditions. 

Tlie solid excixda of horses, sheep, cows, and pigs, 
are well known to iiossess different properties, as well 
as to vary in their composition. 

What, however, has a still greater intlueiice is the 
nature of the food. 4'his is owing to the fact that 
the solid excreta are made up of undigested food. 
Wc can scarcely expect the same cpiality of solid 
excreta from an animal fed on poor diet as from an 
animal fed on very much richer diet. Again, the 
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|)CiTeiila;^c of the fond vuidod in tlic solid I'xcreta 
varies in tlio ease of dirieront animals.^ 

Anollicr consideration wliicdi enters into tlu'. ([ues- 
tion is the ai^e, as well as the tnaitiiK'nl, of tla^ animal. 
A young animal, during the; ])eri()d oi its growth, 
absorbs froin its food into its syst(‘ni a largor ([uan- 
tity of the threi*. fertilising snl»stanees, nitrogen, ])hos- 
|)liori('. aeid, and ])otasli, than is tie* easo. willi an adult 
aidmal whos(j weight is neither increasing noi’ dimin- 
ishing. A working horse', similarly, will return more 
of the nitrogen, [)hos[)hates, and ]>otash in its dung 
tlian one not at work and which is ])ei'miU(‘d to gain 
in weight. The nalure of tlu' composition of the 
solid excreta, therefore, will depend on the' nature of 
the food, <ojc, hrrrd, coinld loii , and t I’to/nintl of the 
animal. 

Let us now investigah! shortly tlui inlluence ol the 
ahoNti considerations. The solid excrements of tlie 
common farm animals anggenerally <hstinguished fi'om 
one another according to the rate at which they de,- 
eompose or ferment on k('e))ing. Thus lajrse-dung is 
generally known as a “hot” dung; while cow-dung, on 
the other hand, is known as “cool.” AVhy this shonhl 
he so is not absolutely clear. Trobably it is owing to 
the fact that the former contains less water, as well 
as to the fact (and this probably has more to do with 
it) that it contains a larger percentage of fertilising 
uiatter, especially nitrogen, thus alfordiiig conditions 
^ Sec Appeiidi.x, Note I., ]>. ‘-TIC 


1 * 
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inoi'c l‘:ivoiiral)l(i for rapid fcrnicntatioii than in the 
case of tlic jnore moist and less rich cow-dun;^’. 

The coin])osition of the solid cxcret:i of various ani- 
mals, as we have just said, varies with the nature 
of their food; so that it is impossible to take any 
analyses as ahsolutidy rejuvsentiiig its eom[)osition. 
It may be interestin^L;', however, to eom})an! the analyses 
of sam})les of horse-dun, with those of some other of 
the commoner farm animals, with a view to obtainiuL^' 
an aj)j)roxi)ii((fc idea of this diirerence. 

Stoeckhardt has found that in 1000 lb. of the fresh 
solid excret.a of the animals helow mentioned, there 
were the followin,^' amounts of nilrogai, phosphoric 
acid, and aUadics : — 


Horses (uiiitov loud) . 
Cows (winter food) 

Swine (winter food) 

Sheep (2 lb. Iniy per diein) 


From the above table it will be seen tliat the sheep’s 
dung contains the h'ast percentage of vmtev, and is 
richer in nitrogen \x\\<\ 2 dio>>phoric acid than any of the 
other three. The percentage of alkalies, of which the 
most important is potash, is, however, not so large. 


Watkh. 
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(lu.fil 

to 


1!<-- 
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p.T 

(.•lit. 
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Ih. 

l.cr 

cent. 

7»i0 

70 
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.35 

3 
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1 
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0 
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Tlii.s may bo accoinitod for ])y tlio lutorostiii^ ami woll- 
knowii fact that a lavi^c porcoiitai^m ol‘ ])otasb is to In; 
found in tlio wool of .slioo])d 

Tlie solid excromoiit of llu^ slice)) is, tliercd'ore, 
woiij;lit for wci^^lit, the most valiial)lc as a maiiui'o, as 
it ooiitains more nilro^mi and pbos))lialos tliaii tlio 
olhors, and at tlio same timo is mncb diior. 

If, howovor, wo com])ar(; tlio oom])osition of tlio 
solid oxorola in a dry state, wo shall find that tlio 
followin'^ are the rosulis (basing onr oalonlation on 
Stoeckbardt’s analyses) - 



Mln.-ni, 

I’lidspliui ic M. i.l 

1, Alkiilii's 


IM.T fCIlt. 

per ( fill. 

per ( (‘lit 

Horse. 

2.08 

1.1.') 

1.25 

Cow . 

1.87 

l.oU 

0.02 

I’ig . . 

a. 00 

2.25 

2.50 

Slice)). 

1.78 

1.42 

0.71 


It will bo soon from tbo above that tlio dry siibstanoe 
of tbo solid excreta of tbo pig is ricbost in fertilis- 
ing substances. Too mucb stress, bow over, as has 
already boon pointed out, must not bo put on any 
single analysis, as so mucb dojionds on various 
conditions, especially the food.- The most reliable 
method of studying this question, tlierofore, is to 
study it in its relation to the food consumed. Wollf 
has calculated from numerous investigations tliat, 

^ “The large aniouut of potash in unwashed wool is very remark- 
able ; a lleece must sometimes contain more potash than the whole, 
body of the shorn sheep.” — Warington’s ‘Chemistry of the Farm,’ 
p. 78. 

“ See Appendix, Note II., p. 279. - 
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witli re^^ard to tho aiiioiiiil of .solid oxciotii ])roduccd 
by tlui food, Ibo followiii^^' percentage*, of oiyanir iii(ilfa\ 
nii roi/c'ii, and niincrtd siihs/(f'nrr>;^ originally present in 
tlui dry matte*!' of the* food, is voided in tlie dunj^'; — - 


e'l iw. 

0\'. 

.Slui|>. 

Ilnrsr. 

Avci'iijjic. 

Oigaiiic inatte'i’ . 39..") 

■J2.r) 

44.0 

44.1 

42.5 

Nitrogen . . -I?.”) 

33.!) 

40.7 

32.1 

40.1 

Mineral fsul).staiH‘es r)3.'.) 

04.(1 

57.!) 

02.5 

59.7 


There; is one fact to be*, ben-ne in niinel in estimating 
the manurial value e:)f the elnng eef elilfcreiit animals 
— viz., that the epiantity eef elung veneled by erne ani- 
mal is nincli gre;a.ter than tbat veeieled by aimtlier. 
Thus the; amemnt voieleel by the ceew, fear exani])le, is 
much greater than that ve)iele*d ley the hear.se ; sea that, 
in this way, the inferiear ([nality eif the ibrmer is, tea 
seanie extent, e’eempensateel fear by its greater e[uantity. 

2. Vrinr. 

The .sealid exe*i'e'ta ])eassess, he)we;ver, very iiiiieh less 
manurial value than the mine. The fearmer, as already 
stated, are nneligested feaeael-snbstances : any fertilising 
matters wliicdi they ceantain are such as have failed to 
be eligestee.1 ear ala, sorbed into the animal system. The 
urine, on the eather hand, contains those fertilising 
substaaices whiedi have been digested. 

XJie amount of nitreagen and mineral matter, how- 
ever, in the urine, does not repre.sent neces.sarily the 
total amount of these substances. TTiiis, in the case 
of a growing or fattening animal, there is always a 



NATURE OF URINE. 


220 


(‘(‘rlain aiuDuiit. of (licse siibstaiiros Ix'iiiL^ al)sorl)e(l to 
build u]) the auimal tissue and ]ait on llesli. 

In tliis rcs])eet it will be seen lliat the coin [insit ion 
of urine will vary in tin* sani(‘ way as tliat of the dun.L;'. 
Tn the case of tlie ni’ine, liowever, ibere is a conipen- 
satin^' inflinuice to be taken into account. Ui'ine is a 
waste jiroduct, and tlierc* is more waste in a young tlian 
in an adult animal. 

Anotber very important condition wliicli determines 
the composition of urine is tlie nature of tlie food, 
esjiecially tlie (juantity of watei- drunk. Tin’s, of 
course, is olndous; the mon* water drunk, the jioorer 
must the com|)ositioii of the urine Ihc ( Ibit here again, 
as in the casi*. of the dung, this is largely compensated 
for by the total ([iiantity voided — the moi'i' dilnte^tbe 
ui’ine, the larger will its ((iiantity lie; so that tlie 
inferior ([Uality is in tliis way imub; up for by its 
increased cpiaiitity. 

Keeping in mind, then, the fact we have just stated 
— viz., that the composition of urine will vary accord- 
ing to dillcrent conditioms — we may obtain an ap- 
lu’oximatc idea of what its composition is from the 
following results of analyses by Stocckbardt. Tn 
1000 parts the following quantities of imfrr, nitro' 
'jm, j)]ioq)horw acid, and alkalirs were found* to lie 
present. 

From the following table it will be seen that tlie urine 
of swine (containing 97 per cent of water) is much 
poorer in nitrogen and alkalies than is the case witli 
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thfi urine of the sliee]), liorsi', or cow.‘ While this is 
the case, tlu^ amount of ]»lios])horic acid it contains is 
<^reatcr than tliat contained in tlie slicep’s urine. 
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I’t'i' 
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101)0 

parts. 

{•(■lit. 

1000 i 
parts. 
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Phos]ihoric acid is ])r(!Sent in the urine of tlie farm 
animals in the most minute traces: practically, it may 
be considered to he wanting- in the urine of the hors(^ 
and the cow, and is ])rescnt oidy in small (piantities 
in slua^p’s urine. The pig’s urine, indeed, contains it 
in larger quantities; hut the percentage is still so 
small as to justify the statement that the urine of the 
common farm animals is not a complete manure, and 
must be sup] demented by phosphates, if it is to he 
used alone. The incomplete nature of urine as a 
manure constitutes a strong argument in favour of 
its being apjdied along with the solid excreta, which 

^ Tho mine of the pig, from tlio nature of its food, is, as a general 
rule, a very poor nitrogenous manure. 
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contain, as wc have seen, considc'ralih'. (|nantitie.s of 
pliosphovic acid. It is on this aeeonnt that tla^ 
drainings of rotten manure-heaps an', more valnaltle, 
from a mannrial ])oint of view, tlian mim! itself, since 
these contain the soluhle portion of the. ])]iosphates in 
the solid excreta.^ The urine of all animals, however, 
is not e([U[\lly poor in y)hosj)hat('S. In the case of 
ilesh-eatiipe animals, such sis the do.e, tlie urine is 
found to contain them in eonsiderahle. (piantilies. 

The al)ovc tables show that t\w, most valuabh'. urine, 
weight for w(,uglit, is tliat of the slu'e]), as it contains 
the largest amount of alkalies (including' potasli) and 
nitrogen; that tlu'. urine of the hors('. comes next; 
then that of tlu', cow; whih', as has already l)een 
))ointed out, that of the |)ig is the ])oorest. 

In order to make our survey of the composition of 
urine uniform with that of the dung, let us see how 
tlie urine of the common farm animals compares in 
the matter of the composition of its dry sultstance. 
The following results (basing our calculations on 
St(K'ckhardt’s figures, previously given) show tliis: — 



Nitroi'cn, 

I’linsiilKjiic aci'l, 

Alkaliis, 


cent. 

jicr cciil. 

jicr cent. 

Pis . , 

. 12.0 

5 

8 

Horse . 

10.9 

tracer 

1.3.0 

Sheep . 

. 10.1 

2.7 

1 1.9 

Cow 

. 10.0 

trace 

17.0 


From these figures we see that the dry sul)stancG of 
the urine of the pig is richest in nitrogen and phos- 
1 See Appemlix, Note XV., p. 290. 
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plioric acid, but ])oorc.st in alkalies, of the four common 
farm animals ; that of tlio horse comes next in the 
amoniit of nitro^^mi it contains, hut that, on the whole, 
there is very little (linerence hetween the horse, cow, 
and shcc.j) in this n'spectJ 

As in the case of the dun^L;', tliis subject is l)est 
studied in relation to (he food consunKuh We are 
ai^aiii inde-ht(‘d to AVoltfs investigations for valuahle 
information on this point, lie has found that the 
following ]iercentag'es of orf/anle rnatter, nifrofjm, and 
'inincral originally present in tlic dry matter 

of the food, are voided in the', urine: — 


(h'gaiiic in;ittei’ . 

(^nW. 

4.0 

Ov. 

4.4 

Slu>c]». 

2.0 

] torso. 

3.3 

3.4 

Nitrogen . 

31.0 

54.8 

42.3 

(>0.7 

47.2 

MiiU'i'al su])stiinces . 

43.1 

34.3 

41.0 

37.5 

39.0 '■ 


We have now considered hrielly the composition 
of the solid exennnents and urine of the common 
farm animals, and have also enumerated some of the 
principal causes of the variation in tlieir composition. 

The solid exenda consist, as we Imve seen, of wri- 
dujednl lood, while the urine contains the manurial 
ingredients of the food which liave been digested by 
the animal system.^ The latter is, weight for weight, 
as a rule, very much more valuahle as a manure than 

^ See Appendix, Note III., p. 2S0. 

" See Appendix, Note XYIII., p. 291. 

^ The nitro^'cn present in tlie urine, it may be well to point out, 
is derived from the waste of nitrogenous tissue as well as from nitro- 
genous matter of tlie food digested. 
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tlio former. From the table ^iveu in the Appendix^ 
it will be seen tliat the pro|)ortions of the nitrogen 
;ijh1 ash - constituents originally present in the food 
consumed, which are voided in the excrements, vary 
with difterent circumstances. Wollt, in summarising 
his results, points out that, as a rule, the solid and 
liquid excrements will conlaJn about 4G per cent of 
(lie organic matter, of llie nitrogen, and 1)8.7 of 
mineral matter; whih' tin* experinn'iits of Lawes and 
(lilbert at llothamsted show that, with fattening oxen 
and sluHip and with liorses, more tlian Ob ])er cent of 
the nitrogen and 1)G per ct'iit or more of the asli-con- 
stituents are voided in tin*, manure. The })ig retains a 
larger proportion of the nitrogen — about Sb ])er cent 
appearing in the manure — wliile in the milking-cow 
"uly about 7b i)er cent is rc'turned in the excrements, 
t-lencrally spcMvking, we may say that tin*, nitrogen 
originally pn^sent in the food suffers very little loss in 
passing through the animal system, and that, practically 
speaking, the ash-constituents suffer no loss whatever. 

As to the distribution of the manurial ingredients, 
Ruich will depend on the nature of the food. Almost 
invariably more than a half of the total nitrogen ex- 
meted will be found in the urine, in many cases very 
nuich more.^ Of the mineral constituents, about a 

^ Note IV., p. 281. 

■ Waringtou puts this matter admirably in the following words ; 

' If the food is nitrogenous and easily digested, the nitrogen in the 
mine will greatly preponderate. If, on the otlier hand, tlie food is 
imperfectly digested, the nitrogen in the solid excrement may 
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tliird on tlui iivcnii^o may lx; said to Vto excreted in 
tlie uriiK'. Of this mineral rnattca’ it may he noted 
that nearly all the alknlies (potash and soda), or al)ont 
08 ])er cent, ar(i found in the nriiu'. Of ])hos])horir' 
acid and lim(‘, on tlie otlier liand, tlnn’c are tlie incresl 
traces in tlie urine, llorse-nrim', howi'ver, is an cx- 
(■(iption witli nvi^nrd to lime, as it contains about GO 
])er c.(“nt. of the lime eonsumed in the food. Kor in- 
formation on the suhject of pi^^-manure. the read(*r is 
rehu'red to Appendix, Note V} 

llefore |)assin,L;' from this [)art of tlu' sii])ject, it may 
h(‘ desirahh' to p)lace hefore our readers tlie composi- 
tion of th(‘. duit !4 and urine taken too’etlu'.r, so that \V(‘ 
maybe alihs to form some idea of tlieii' relative value, 
\V(d.L;'ht for wad^ht. iVs tin', nitrogen constitutes by far 
the most viduable ])ortion of the manurial ingredients, 
it will In? sullicient if we compain them as to tludr 
])ereentagc of this ingredient. 



W.a.-.r, 

JitT (‘fill,. JUT Of III. 

Caicui.-aca (III 
dry sulistaiiff, 
IKT cent. ^ 

.Vnalyses by 

Sheep 

. (O .91 

2.7 

.liirgenseii. 

Ilor.si* 

. 79 .95 

2.7 

lloussingault. 

Pig . . 

. 82 .91 

8.1 

Bous.singault. 

( 'o\v . 

. 89 .;59 

2.9 

Bou.ssingault. 


I'roni these* ligiircs we see that, in tlicir natural con- 
form the larger quantity. Wlieii jxjor Iiay is given to lior.scs, the 
nitrogen in tlie .solid excrement will exeecd that contained in tlie 
urine. On the other hand, corn, cake, and roots yield a large ex- 
ces,s of nitrogen in the urine” {‘('hemistry of the Karin,’ p. 137). 

’ See p. 281. 
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(liliuli, tlip, cxcTotii of tlui slioop an* (lu* most, valuable; 
those of the horse aiul’])!^' coniin.e: next; \vliilc those 
of the cow are the poorest, coutainiuL!,' oiie-third as 
iiuieh nitrogen as those of the she(*p, and on(',-lialf as 
iiiueh as those, of the horse and ]»ig. This diHerenee, 
liowever, is due almost (mtindy to the dirtei-eid. |)('r- 
('(‘iilage of water the (‘.xereta of the. various animals 
(■oiiiidn in their natural slate; for in ilu; dry stnte 
tlu'.y are seen to contain, with tlie. single exee]»tiou of 
llu' pig, practically tin* same amount. 

In coiudnsion, then, tin*, im])ortant points to Ihi 
noticed arc — 

1. That in tlie pas.^age of tln^ food tlirongli the 
system of the c.ommon farm animals, oidy a. very 
small percentage of the fertilising suhstams's, nitro- 
gen, phosphoric acid, and }iotash, is assimilated and 
retained in the animal ho<ly ; ami tliat, therefore, 
theoretically at hmst, the excreta should contain 
nearly the same amount of fertilising matter as the 
food originally did. 

2. That even in the case of a fattening animal, tin* 
I'issof fertilising matter sustained l)y the food in pass- 
ing through the system is not great. 

2. That with regard to the total amount of solid 
excreta and urine voided, the latter contains, as a 
rule, more nitrogen than the former; the nitrogen in 
the urine, further, being more valuable, as it is in a 
^uluhle condition. 

4. That as regards the distribution of the ash-con- 
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slitiieiits, lime, j^hoqiliork add, and majincda are almost 
entirely found in the solid excrements ; while the urine 
contains nearly all the potash. 

5. That the host results can be expected only when 
the li(|uid and solid excreta are us(h1 together as a 
manure. 

As tlui com|)osition of the manure de])ends so largely 
on tlie naturci of the. food, a table will be found in the 
A])pendix, Note containing the nninurial composi- 
tion of some of tin? commoner feeding-stuffs. 


3. Liftrr. 

We have now to consider the third constituent of 
farmyard manure — viz., the ////or, which generally con- 
sists of straw. 

The uses of the litter, in addition to ju’ovidiiig a 
dry and comfortable bcal for the animal, may be 
brietly summed up as follows:— 

1. To absorb and retain the li(piid portion of the 
excreta. 

2. To increase the rpiaiitiby of the manure, and thus 
secure its more ecpial distribution when applied to the 
field than could otherwise be done. 

3. To add to its value as a manure, both physically 
and chemically. 

4. To retard and regulate the decomposition of the 
excreta. 

Of course litter also performs a very useful function 
1 See p. 282. 
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sailiiarily, iiKisiiiuch as it servos to keep the stall or 
liyi’c fresher aiul cleaner, and more free from noxious 
j^ases, wliicli it absorbs, than would otherwise be 
the case. 

t^tmw is almost universally used for this purpose, 
besides beiipi^ one of the bye-])roducts of thii farm, it 
is admirably auite<l in many ways, both owing to its 
})eeuliar shape — its tubular structure being excidlently 
adapted for this purpose — as well as on account of its 
composition, being largely composed of cellulose, a vciry 
alisorptive substance. Straw thus possesses consider- 
able absorptive ]»ower. In manurial ingredients it is 
not very rich; for, of the various parts of the ripened 
plant, straw contains the least percentage of nitrogen 
and phosphates. This is due to the fact that, as the 
straw ripens, a considerable proportion of these in- 
l^redients passes up from the stalk to tlie seeds, where 
they are retained. 

Generally speaking, straw may be said to contain 
not more than a half jjcr cent of nitrogen — i.c., 11.2 11). 
per ton. Its percentage of nitrogen varies, of eourse ; 
the recorded analyses^ for wheat-straw ranging from 
■‘22 to .81 per cent, or furidshing an average of .48 per 
cent— he., 10.75 lb. per ton. 13arley-straw is somewhat 
richer in nitrogen, the recorded analyses ranging from 
•^1 to .85 per cent, or giving an average of .57 per 
<'cnt* — ie., 12.76 lb. per ton; while oat-straw is the 
richest of the commoner straws, ranging from .32 to 
^ See Heideii’s ‘ Diingcrlehre,’ vol. ii. p. 58. 
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1.12 per edit, iiu jivenij^e of .72 per eent — i.c., 10.12 10. 
per toll. 

Of mineral mailer, however, straw contains a veiv 
mneli larger ])ereenlaL^e, ])ropoilionally, than of ni- 
trogen; for, with the exee[)lion of ])liosphates, tlieic 
is ;i consideralile (pianlily of inorganic fertilising 
matter, in the sha])e of i)olash, lime, i^e., ])resent in 

( 'OMI’OSITIOX OK STI!A^V.' 


Asii. (’(iMroHiTii'N (M' Ash. 



IV, i 

1,1.. per t( 

" 

6" 


eent. ! '’V 

, Idii. 


I’llll.S. 
plllll il' 
.Vl'iil. 

l.iiiH'. 


Wli(';it pviiiU'i') 

. 5.51 1 121.oa 

18.01 

5.05 

7.18 

8 

Wlio.'it (simiiiicr) 

. 5.ii!ii5.m 

25.70 

0.17 

7.12 

0 

llyc (wiiilcr) . 

. 5.:M na.35 

20.01 

5.89 

9.73 

8 

Uye (.siiniiiRr) . 

. ( 1.1 1 1 : 57.53 

42.41 

0.73 

; 10.53 

1 

Earley 

. 1.9(1 109. 70 

20.83 

5.75 

; 8.73 

8 

Oats 

. , 5.09 ,111.01 

20.22 

4.17 

9.12 

4 


it. Of total ash ingredients, on an average, there are 
generally about 5 ])er cent — or 112 Ih. per ton. The 
largest percentage of the fertilising matter in this a 
])er cent is potash, which varies in the ashes of the 
straws of the commoner crops from 30 to 15 per cent. 
The above talile will show the variation in composi- 
tion of the straws of .some of the commoner farm 


HckU’u’.s ‘ Diiijgcrlelin*,’ vol. i. p. 404. 
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crops, and may bo valualdo for ])urposos of rofmvm'o. 
The. crops arc wlioat (winter iind suinnior), l)ail('y, 
oats, and rye (winter ami sunimer), and the ainonnt 
is also calculati'd in lb. ])er ton. Tlu; results re])re- 
s(.‘iit the average of a niiml)er of analyses.’ From the 
lah](' it will be seen tlial the ])ei‘eeidai^e of ]>]iosphates 
is, as has already Ikhui nolieed, very small. 

but while straw is W(dl adapted for the. ])ur- 
poses for whieh litter is used, it is not the. only suh- 
staiice. Its almost (exclusive usi' as litter is laro(‘ly 
ewiiio to the fact that it is a by(i-])roduct of the 
farm. 

Loirtih ffs Zf/Av-.— (huuirally speakiiiL^, any substa.iice 
whieh has orcat ahsoi'})tive as wadi as retentive, powers 
fer nitrogen and the soluble fertilising matters present 
ill farmy.'ird manure, and whose ])rice is nominal, is 
^\ell suited for acting us litter. Ordinary loamy soil 
possesses the above (pialilications, and is, Ijcsidrcs, a 
^iihstanee to be had for notliing, and, under certain 
' ircunistamms and in certain countries, is actually used 
h)r this purpose, often along with straw. A great ohjec- 
fioii against loam, however, is that it forms a dirty 
lifter. ^Moreover, it possesses a very small ^(creent- 
=';-;e of fertilising matter. The tendency, conse(juently, 

’ The following quantities of nitrogen an' foiiuil in rye, ]iea, and 


'euu straw : — 

UaiiK'mj^ IV'iiii 
1K.T cent. 

per eeiif. 

1 . 1 ., 

Jilt ton. 

Uye-straw 

.30 to .73 

.57 

12.70 

I’ea-straw 

. . .70 to 1.01 

1.21 

27.10 

l^eau-struw 

. 1.15 to 2.02 

1.92 

43.00 
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ill ii.siii<4 ordinary loam, would Ixi to dilate tlui maiiaiv 
too nmcli, besides retarding' lermentation to an niide- 
siral)le extent. Ilxeept, tlierei’ore, under very excep- 
tional eircunistances, loam is not to be re^^arded as a 
,^C)od litter. 

P(((t LitUv . — Some kinds of soil, however, an- 

widl suited for this pur[)ose. Of these, the best are 
those rich in oi;eanic matter, the so-called peaty soils. 
Peat, when dried and freed from any earthy matter, 
forms an (cxcdle.nt absorbent of the li(juid portion of the 
manure, sur])assin^i; in this res|»ect straw itself. It is. 
further, generally very much richer in nitro^^en---som(‘ 
peats havinj^- been found to contain between 4 and o 
per cent of nitroi^eii. In some thirty sami)les of pent 
analysed liy Trofessor S. W. Johnson, the percentage 
of nitrogen varied from .4 to 2.9, giving an average 
of 1.5 per cent. 

While it Inis a very great ciqiacity for absorbing 
li([uids, it possesses in an uiuMpialled degree the 
power of retaining tlie soluble nitrogen compounds. 
This is undoubtedly one of the most important proper- 
ties which recommend peat for the purposes of litter.' 

Some interesting experiments on the value of peat- 
moss as a litter have been recently carried out by lb' 
IJernard l)ycr.“ From these experiments Mr Dyer has 

’ Dr J. M. H. Miiiiro reconiiiK'iMls tlio .sprinklin'' of a little finely 
sifted peat-powder in addition to straw, a.s an e.\o(dlent means of jne- 
veiiting loss of volatile, ammonia in the fermentation of manure. 

' See ‘Alark Lane Express,’ October 7, 1SS9, p. 175. 
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found Hint both its li(|uid-id)sorhiiio uiul liiiuid-rotniii- 
iiii;' [lowor.s aro very inucli [^realor tliau tliosc of straw. 
AVhili! straw was only able to alisorb tbree times its 
wei^'lit of water, ])eat-moss was found to aljsorb nearly 
ten times its weight. With re;4ard to its water-retaiii- 
ino power, this was also Ibuiid to be in excess of 
that of straw. Hoth these ])ro])erties are, it need 
scarcely be poiiited out, of vmy threat vabu* in a litter. 
Another point of inU'rest in tluise ('xperimeiits was 
the respective amounts of nitrog(m alfsoi-luid and re- 
tained by the peat- moss and the straw. It was found 
that, in this respect, llu'. )»eat-moss bad a^^ain an advan- 
tage ov(!r the straw. Lastly, the manure ])roduc(Ml by 
the peat-moss was shown to bo richer in fertilising 
matter than that ])roduced by the us(‘ of straw.’ These 
experiments arc interesting as demonstrating the fact 
that in peat-moss we have a substaiKa*. which is ca])able 
"f acting as an excellent substitut(‘- for the more costly 
straw, and which might incnaisingly Ixi used as a fodder 
with great benefit to the farmer. 

Another substance; which Inis biien suggested as an 
excellent litter is the common hiuicLrii-fcrn. According 
to some analyses made by Mr dohn Hughes, the 
liracken, especially if cut in a young state, is a sub- 
f^tance of considerable manurial value. When dried, 
it is very much richer in nitrogen, potash, and lime 
than straw. Its absorbent properties, however, are 
probably not so great. Where it can easily and cheaply 
^ Sec Appciuiix, Nolo VII., [>. 283. 

Q 
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l>o liad, as in niaiiy ])aTts of Scotland and Ireland, il 
niiglit W(dl be osimI for littering purposes^ 

Dried leures luive also been used as a litter. Aiituiiiii 
leaves, liowever, contain ji vc'iy small percentage of 
fertilising mattm'. This is due to tbe fact tliat tlie 
most of ttieir potasli, |ibosplioric acid, and nitrogen 
])ass into tlui body of tbe trees at tlie ap])roacb of 
^vintcr. According to I’rofessor Storer, dried leaves 
only contain from .1 to .H ])er ccnit ])otasb, .006 to 
per cent jdiospboric acid, and aliout .75 i)er cent ol 
nitrogen. Leavi's, bowever, besides l)eing ])Oor in 
manurial ingri'dicmts, maki'. a bad litter, as tbey fei- 
ment 1iiit slowly. Tlieni is in this fermentation a 
large (piaiitity of cold sour bumi(; acid formed, wliieli 
seriously im])airs tbe value of tbe manure.^ 

Having now consideri'.d tbe composition of tlujtbree 
separate ingredients of farmyard manure — viz., tbe 
dung or solid cxcrti((, tbe, urine, and the liiier — we are 
in a position to consider tbe composition of farni- 
yard manure. In tins connection it will be well to 
consider sej)arately tbe manures })rodueed by tbe dil- 
ferent farm animals. 

^ Por iuialyses .sec A]»i)('ndix, Kolc VIII., }>. 28:1. 

- According to Storer, in a ton of autumn heaves of tlio best ([uality 
tliere would be (> Ib. of ])otasb, less than 8 lb. of i)hosphoric acid, 
and 10 or 15 lb. of nitrogen. Another substance that may bo used 
as a litter is sawdust. This substance is a good absorbent, but is ol 
little value as a niaiiurial .substance. 
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1. Jfursc-iiuriiu.rc. 

The ecjiiiposilion of iKn-se-iuauure is ])erli;i)»s llu* iiiosL 
iniii'orm of all the iiiiimires produced hy the dillereiit 
fai'iii animals. This is due to the fact that tin; food of 
the horse is i^ern'rally (»f tlic same kind, consistiiiL;' of 
oats, liay, and straw. 

Tlu! total excrements vi)ided hy a hors(! in a day 
havi! Ik'cu ciilcnlated, aceordin;^’ to the avcTu^e of 
experiments hy Ihmssin^anll and 1 lofimnsier, at 
-8.11 Ih., of which only ().8>7 Ih. consisteal of dry 
matter.^ These 1^8.11 Ih. contained .1<S Ih. of nitrogen 
and .02 11). of mineral malter. The amount of straw 
necessary to ahsorh this anionnt of excrement may he 
slated at from -1 to 0 Ih. 'riie ;imounts of nilrogam 
and mineral matter in d 11). of straw are .01. and 
■-0 lb. respecLivady. 'I'he total aimnint of nitrogen 
and ash, therefore, in the farmyard manure ])rodiieed 
hy a horse in one day, would he ,10 Ih. nitrogen and 
1.15 Ih. mineral matter; or, if we take the larger 
guiuitity of straw, somewhat more. 

Taking these ligures, we liiul that the amount of 
manure produced hy a horse in a year will ho from 

^ Ih'idcn’.s ‘ Diingurlelirc,’ vul, ii. })p. d4, (i6. In l)Oiis.siiigiUilt’!s 
t'xpcvimeiits the food con.si.sU-d of 15 Hi. hay, 1.51 lb. ools, and 32 11). 
'valor ; the total oxcroinents amounting to 31.16 lb., coiitaining 
ol2 lb. dry matter, lii Hofmoi.ster’.s o.xporiments the food consisted 
"1 5.23 lb. hay, 6.18 lb.- oafs, 1 lb. chopped sfrau', and 25.57 lb. 
"utor ; the oxcromoiits amounting to 25.07 lb., eoutainiiig 5.32 lb. 
dry matter. 
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11,720 to 12,450 11). {ir., from 5} to 51 toiis),^ coii- 
tiiiiiiiiLf from G9 to 75 11). iiitroi^en, ami from 420 to 
400 11). mineral matter.'-^ 

A word or two may be of value regardiiij^ tlie treat- 
ment in tile stabb'- of borse-maniirc. Tlu', groat object 
to be aimed at is the ])reventi<)U of loss of N'aluabb' 
fertilising constituents, 'rids less may be due to 
two causes. It may be, in the lirst ])lacc, caused by 
drainage; of the sobdile matter of the manure; or 
secondly, it may be due to volatilisation of the vola- 
tile constituents. 

The first of these t wo sources of loss depends on tlic 
])recaulions taken in tin*, way of providing a ])ro[)ci' 
impervious llooring to the stabhe 'Hiis source of loss 
is extremely dillicult to juanauit, inasniucb as nearly 
all materials used for llooring absorb a cairtain ])er- 
(‘cntage of urine. The judicious use- of litter, how- 
ever, will minimise this loss to within a trilling 
extent. 

Dr lleiden states that the amount of straw used as 
litter for the horse in (lernijiny is from 4 to G lb. 
per day. The ([uaiitity should be regulated accord- 
ing to the ])ercentage of water the excreta contain ; 
the more watery excreta requiring naturally a larger 
([uantity of litter. 'Pbe most eminent authorities on 
this subject recommend that the amount of litter 

^ This is taking no account of the amount of water which the 
manure will absorh, ;iml which will probably double the ([iiantitv. 

“ See Appendix, Note IX., p. 2S.3. 
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slioiild c(|iial onc-fo\irl]i of food in its natural 
slate, or al)Out one-third of its dry snhslanee. 

Tlie second source of h»ss, wliich is diu! to volatdisa- 
iiou of tlie. voliitile inLi'redienls, may he lari^c.ly pre- 
veiiti'd l)y [lie use of certain preservative's. 

J[orse-duni4' hein;^, com))aratively s))eakin_!4-, of a dry 
nature, it is extremely dillieadt to el’h^ct its thorou^Li'li 
mixture with the litter. For this reason tlii' manure 
fiii'iued from horse; excreta is particularly lialde to 
ra])id fermentation.^ In the ])rocess of h'rmeidation, 
as will he seen more in di'tail further on, tin; niiroL;en 
is converted into ('arhonate; of ainmoina. As intro, i^en 
in this form is of an exlrenu'ly volatile nature, the 
risks of loss from this source are considerahle. As 
illustrating this fact, it may lie mentioned that llous- 
siugault has found by exp(‘riment that the total per- 
centage of nitrogem ('ontaiiu'd hy fresh horse-manure 
might he reduced in tin; jirocess of fermentation to one- 
half of its original amount hy loss from this source. 

The preservatives used to prevent this volatilisation 
arc technically known as fixers.’’ 'I 1 iis they do hy 
chemically comhiiiing with the volatile ammonia and 
forming non-volatile compounds with it. 

Of the acid fixers, hydrochloric and sulphuric acids 
liave been recommended. The former, however, is not 
Well suited for this purpose. It is a strongly fuming 

^ The rapid fermentation of liorsc-manure is due to its mochanipal 
as well as its chemical nature. The horse, docs not reduce its food 
to such .small pieces, and its urine is rich in nitrogen. 
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Kcid, and whan l)r()n,L;lit into coutaot with amnioniii 
forms donso white fnmos, Tlu; nse of sulpliuric acid 
is not open tn tliis ohjection. Snlidiatc of ammonia, 
tlm salt formed in tliis case, is one of tlie most 
sta])l(5 (nr least, volalih') of the. eomponnds of am- 
monia. If used, it slioiild lie largely diluted witli 
water, and the whole mixed witli sand. Snch a mix- 
ture, when sprinkhal over the stahle-lloor in even vm-y 
small ([uantities, lias been found to erfectually prevenl 
any loss of the volatile earhonate of ammonia. 

It is not, however, on the whole advisable to use an 
acid substance as a fixer, since such a substance may 
act deleteriously on the horses’ hoofs. 

Smdi substances as (vijiyic/vcs, luid sulphate of 

vuypu'sia, while (M[ually etlicient, are not open to this 
objection*. Tlu* above-mentioned substances owe their 
elhcacy to the fact that they are compounds of sulphuric 
acid, which, by eomliining with the volatile ammonia 
and formiipL:; sul]>hate of ammonia, prevent its escape. 

(lypsum, or sulphate of lime, although, comparatively 
speaking, an insoluble substance, when brought in con- 
tact with carlionalc of ammonia lias been proved to 
effect the conversion of the ammonia into sulphate of 
ammonia. Tt is also believed to retard the decompo- 
sition of the manure.^ Copperas, or ferrous sulphate, 
while a soluble salt, and while thus acting in a more 
speedy manner in fixing the ammonia, is not so well 

1 Solnilzc recoinniends oiic-tliiul of a pouiul per day of sulphate ‘4 
liuie for enidi horse, 
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suited, owiiio- to tlio liurttui inlhieiice it is w(dl known 
to possess on ])liint-life. It is only right to renuunber 
tliat thcro nuiy he circumstances in wliich cop])eras 
may, in small (piantities, act even henelicially as 
a iiianun', as (hilliths’ exju-riments would seem to 
indicate. T!k', almvi; ohjcmlion, Imwever, cannot he 
urged against sul})hate of magnesia. In addition to 
lixing the ammonia, sulphate of magnesia may very 
jirohably lix the soluble phos])horic acid. Kainit, 
which consists of a mixture of sulphates and chlor- 
iiles of potassium and magnesium, has also been sug- 
gi'sted for this purpose. I>y using suc.h a fixer, ilu' 
value of the resulting manure would he much cm 
lianced. In conclusion, it must Ikj reimmibcred that 
all the above-named lixers act very much in the same 
way — vi/., by conv(U’ting th(‘ volatile carbonate of 
ammonia into sulphate of ammonia.' • 

2 . Cov'-iiNtjutri’. 

The composition of the manure formed from the 
excrementitious matter of the cow is very much less 
constant than is the ease in the horse-manure. An 
average statement of that composition is therefore 
very much more dillicult to obtain. The number of 
analyses available for the purpose of forming this 
average is, however, very large. The manure pro- 
duced by cows contains a large percentage of w.atcr. 
This is due to the large cpiantity of water they drink. 

^ See Appendix, Note X., p. 284. 
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Tt lias been estinuited tliat milcli-cows drink along 
with (lioir winter Food, [or every pound of dry sub- 
stance, 1 lb. of wahn-, and in sniuiner al)()ut 0 lb. 

According to some exp(U‘inients by llonssinganlt, 
tbc (vxcrcnienls of a cow in a day amounted to 7d.2.‘5 
lb., of wliieb only 0.92 lb. were dry matter.^ Tliese 
('X(‘r(!ments contained .250 11). of nitrogen and 1.725 
11). of mineral mattcu’. The amount of straw neces- 
sary to use as litter foi‘ ibis amount of (excrements 
may be takmi al, 0 to 10 lb. Tlu! manure, tluu'e- 
fore, formed by a. cow pm’ day, would contain from 
.274 to .286 lb. of nitrogen, and from 2.0-lG to 2.278 
11). of mineral mattm’. In a yc'ar this would amount to 
from 100 to 104.4 lb. of nitrogen, and from 740. S lb. 
to 881.5 Ib. of mineral matter; or from 0 cwt. 75 lb. 
to 7 cwt. 47 lb. 

(5)w-diing is, owing to its moixi watery nature and 
poorm’ cpiality, very mneb slower in its fermentation 
than horse-dung. Wlien ap])lied alone, (.nw-manurc is 
very slow in its action, and makes its inllucncc felt 
for at least tbree or four years. It is ditlicult to 
spread it evenly over the soil, owing to the fact that, 
when sonunvhat dried, it has a tendency to form hard 
masses, which, wlaui buried in the soil, may resist 
decomposition for a very long jieriod. The cause of 
this is due to the presence of a considerable amount 
of mucilaginous and resinous matter in the'sidid ex- 
creta, which })r(*.vents the entrance of moisture and air 
^ Tlie food coii.si.sted of 30 Ih. potatoes, 15 lb. han, and 120 lb. water. 
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into the centr(^ of the mass. This tendency of cow- 
nianure to resist decomposition will he greatly lessened 
ill the case of tlie excrements of a cow richly fed. 

'Die risks of loss of volatile ammonia are, there- 
l'oi‘e, in its case not so great as we have seen them 
to l.e in the case of the “hot” horse-dnng. Not- 
withstanding this fant, much of what has been said 
on the use of prc'sm'vatives for horse-niannre may he 
also a])plied to tlie cow-dnng. This is owing to the 
fact tliat the dung is allowial to accumulate iii the 
court for some tiimx The amount of straw it is advis- 
al.le to use as litter varies, as has lieun said, from (i to 
10 Ih. jKU' day. The host method of calculating this 
amount, according to Dr Jfeiden, is hy taking one- 
Ihird of the total weight of the diy substance of the 
food. The above autliority also recommends that the 
straw is liest api)lied in blocks of about one foot in 
liuigth; and this for the following reasons:— 

1. The strewing of it is more convenient. 

2. The al)sor])tion of the Iluid portion is moie 
complete. 

:k The cleaning out of the manure from the byre 
is easier. 

4. The manure is more easily distributed when 
a])plied to tlie field. 

Among the advantages incidental to allowing the 
manure to accumulate in the court may be nientiom'd 
the following : — 

1. The more thorough absorption of the urine by 
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tlio straw, and, c()nse(|iieiitly, the more uniform mix- 
lure wliieli will l)e tlius elfeetial of tlie more valua])l(' 
urine with the less va.luahle solid (;xereta, 

2. A eertain retardation of d('eom])ositioii ertceled 
hy llu! tix'adiiiL;' undiir foot of the manure.. 

Tli(', })roteetion of tlie manures from rain and 
wind, and the seeurini;' of a, uniform temperature. 

Against those advanlaoi's must he ])laced the risk of 
seriously aflcudiui;' tlu' lu'alth of tin*, animal. Altlioupli 
tliis is a ])oiid/ of v(‘ry gresit importance, it scarcely 
hdls within the scope of this work. It may he pointed 
out, however, that the judicious use of some of tlu' 
chemical lixers |)reviously relerrc'd to may do much to 
kec]) the air of the byre or court fre('. of noxious eases.’ 

2 . 

The food of tin; \)v^ is so v(;ry variable in its 
cliaracter tlmt it is wcdlnigli impossible to obtain 
anythine like an averaee analysis of its excrements. 
'When the food of the pie is rich, then the manure 
may be ([uite erpial in (piality to the other manures. 
According to lloussineault, the total amount of ex- 
crements, on Jill average, voided by a pig in twenty- 
four hours is about 8.22 lb., of which 1.5 lb. is diy 
matter.-^ The amount of nitrogen these excrcmeiits 
contain is only .05 Ih., and of mineral ingredients .212. 

1 For further analyses of cow-manure, see Appendix, Note XI., 

p. 28 ( 1 . 

•’ Tliis is for a pig of six to eight months old, and fed on potatoes. 
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111. If W(‘ take the amount of straw most sniiahle for 
al)soii)in <4 tliis ([iiantity of (‘xerementitious matter at 
from 4 to 8 Ih., then we sliiill find tliat tlie manure' 
jirodiiced liy a iiijj; will contain from .(Hi to .074 lli. 
nitrogen and .545 to .772 Ih. miiu'ral matter. Tlu'sc 
(liiantities, cahadate'd for a ye'ar, n,ivr, fnim 82 to 27 Ih. 
of nitroj:^'cn, and frmn 1 ewt. 87 Ih, to 2 i‘wt. 57 Ih. of 
niiiuiral matteu'. That is ahoiit' as mucli nitro^i;’en as 
would be contained in 1;} to 11, cwl. of idtrate of soda 
(05 |)cr cent purity); or from slio-htly h'.ss than 1 ewt. 
to sli^idly ove'r 1 (*wt. of sulphatn of ammonia (07 per 
cent ])urity). 

i\s lias already hee-n pointed out, the ('xerements of 
tlie pin- are, as a ruh*., vi'ry poor in nitron-eui. This 
ae'counts for the fact that jiig - mariuro is a “cold” 
iiianure, slow in h'rmentinn-.^ 

4. Shei'j)-ui((iiiir<\ 

The dun<f and the urine of tlie shee]), as we have' 
alre'ady seen, are, weight for weight, the most valu- 
ahle of any of the common farm animals. Tlie total 
weight of the '^excrements voided liy a sheep in a 
hay may be taken, on an average'^ at 8.78 lb., of 
which .97 lb. is dry matter. These excrements contain 
•038 lb. of nitrogen and .223 lb. mineral matter. Tak- 

^ It has been a.sseilcti tliat tlie, ii.se of ]ii^ninanurc, wlieii appliial 
‘itaie, is apt to give an unpleasant taste to the ])rodnec grown. 

Taken from a very large number of analyses by a number of 
experimenters. Sec llciilen’s ‘ Diingerlehrc,’ vol. i. p. 99. 
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ing till} amount of straw most suital)le for absorbiin^ 
tins quantity of cxercmcntitious matter at tlirce-tiftlis 
of a ])oun(l, tluui tli(‘ inannn' produced by a, sbccp in a 
day will contain .0i2() 11). iiitroL^mii and .2(14 lb. mineral 
nicatter. That is, iii a year the (iiiantitii'S of nitrogen 
and minei'al matt(‘r in tin; manure produced by a 
sheep would be Ib.ljG 11). of nitrogen and 00.26 lb. of 
mineral matter. 

From its riclincss in idtrogtni, and from its dry condi- 
tion, slieep-duiig is p(‘culiarly liable to ferment. While 
rich(',r in fertilising substaiu'es than horse-manun', it 
is not so ra])id in its fermentation. This is due to tli(“ 
harder and more eom])act physical character of the 
solid excreta. The risks of loss of volatile ammonia 
are, in its case, exce])tionally great. The use of artificial 
“ fixers” is therefore to be strongly recommended.^ 

^ 8o(* StouT, ‘ AKricnltnral Cheiiiistiy,’ vol. ii. ]>. 96. 

A ([ucstion of great iiiiportaneo is as to tlie aiiiouat of fannyard 
manure produc(‘(l on a farm in a year, and its value. This is a ([uos- 
tion whieh is extremely dillieult to satisfactorily deal with. A’arious 
methods of calcnlating this amount have heeii resorted to. It may 
be well to state these pretty fully. Some ])raetieal authorities <!sti- 
mate the amount by ealeuhiling that every ton of straw should 
produce 1 tons of manure. Another method consists in estimating 
the amount from the size of the farm. Sir .John Lawes has calcu- 
lated the composition of farmyard manure which should be produced 
in the case ot a farm of 100 acres, farmed on the four-course system. 
He assumes that half of the roots and 100 tons of hay are consumed 
at the homestead ; that the whole of the straw of the corn crops is 
retained at homo as food and litter ; that twelve horsc.s have corn 
ecpial to 10 lb. of oats per head per day ; and that about ten shillings 
per acre are expemlotl in the purchase of cake for fe<'ding stock. 
Under these conditions the amount of farinyanl manure should be 
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Fcnnrntatwii- of Farimjanl Mtniurc. 

Having now considered Uio nature ol‘ the diflerent 
nrnuires produced ]»y tlic four euinnion farm animals 
separately, it is of importama* to eonside.r the, exiict 
nature of the fermenlation, deeom])osition, or ])ntre- 
faction which takes place in the manure-heap. 


sri.'i toii.s (i)i' un avt'iat^o of St, tons for (‘:u li of tlit! 100 acres of root- 
r\i)\)) o\' fr(\s/i, jtiisrd (liniif. (l'’()r conuxtsiiioii, see A{)j)ei]dix, 

Note XVII., p. 291.) Another inelhod is hy takiii.t(, as the data of 
ealeiilalinn, the iiumher of cattle, horses, .sheep, k(\, jtroduediif; the 
iiiamiie. Lloyd consitlor.s that a fatteiiiipL; aiiiinal n-(piires tj tons of 
straw in the }eai', !uid makes ahoiit 12 tons nf manure. A farmer, 
therefore, slioiild make S tons of manure for every acre of that 
part of his land which, in the four-course rotation, is put down t(j 
turnips. 

The last method consists in takiu^f as the data the amount of fooil 
consunied and litter used in tin; prodnclimi of the manure. Uf these, 
methods lleidcui considers the last ics ahjiie satisfactory and trust- 
'voitliy. 5])plying this method to the horse, he shows, from exjieri- 
nients, that a little over 47 [ter cent of the dry matte.r of its food has 
he.'ii jifoved to he voided in the solid and li([uid e.xcreta. Takinj^ 
the aveiag<‘. pcrcenta^fe of water iu tin; excreta as about 77. h, the 
p'ocentaj^fc of dry matter in the excreta will he 22.7). That is, twery 
pound of dry matter in the food eaten hy the hor.se yields a little 
"ver 2 lb. of excrementitious matter. To this of (‘our.se must he 
added the amount of straw nsed as litt(.‘r, which may be taken at 
9.0 lb. 

I'hoiu thc.se data we may c.alculate the amount of manure produced 
’u a y(‘ar hy a horse, making certain a.s.sumiitinn.s as to the amount of 
work performed. This lleidcn docs by assuming that a horse works 
290 days, of twelve hours ea(d), in the course of a ytair, or UIO whohi 
days, spending 235 days in the stall. Calculating from the above 
data, he estimates that a well-fed working horse will pnaducc about 
‘'*1 Ih. of manure in a day, or 6.5 tons in a year. Of course this 
does not necessarily represent all the manure actually produced by the 
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Tt is now inore tlian thirty years since Pastenr 
sliowed that ilie fernientaLion whieli ensued on kecii- 
in;4‘ a sann)le ol‘ urine was due to tlu; action of :i 
ininuie. ori^anisin, for the |)ro[)aga,tion of wldeli :i eer- 
tain amount of warmth, air, and moistuie, as well as 

liorsc, l)ul. liDW iniicli of llio iriiiaiiiinj^ jxji tion of llio luamiie actniilly 
liiuls its way to tlio farm it is impoHsil)Ic. to sa}'. According to the 
‘ Iiook of th(! Farm,’ Division 111. )i. DS, a farm-Iiors(! makes uhoiU 
12 tons of manure in a y<‘ar. 

It has l)cen calcnhdaMl tlial cows \a)i(l about 48 ]K'i’ cent ol the dry 
matter of their food in the st>lid and litjuid oxci'cta, wliich contain ol 
water, on an average, 87.5 per cent. That is, eveiy pound of dry niatler 
will liirnisli 8.84 lb. of total excreta, l’»y adding the. necessary anionnt 
of stiaw for litter (whi(di may be taken at one-third the wcigdit of tlu' 
dry matter of the fodder), lleiden calculates that an ox weighing 10(.)n 
11). should j)ia)duce. lid lb. of manure in a day, or 20 tons in a year. 
'I’he ‘ l’>ot)k of the Farm,’ Division HI. ]>. IKS, gives the annual amount 
at from 10 to 11 tons. According to \\'(»ll]', one may assume that 
on an avtuage the fresh exeiemciits D'oth litpiid and solid) ot tlu- 
I'dinmon farm animals (with the exception of the pig) contain ot 
every 100 lb. of dry matter in the total consumed about ho lb., oi' a, 
half. Fstimating the ilry matter in the litter used at etiiial to about 
,'i of the dry matter of the fotal, this would mean that for every 
100 lb. of dry niatttu' consumetl in footl there would be 75 lb. ol 
dry manure (vi/., hO lb. dry excrements -t- 25 lb. dry litter), which 
Would yitdtl 800 lb. of farmyard manure in the wet state --/.c., with 
75 ])er cent water. The a, mount of food <laily re([uired [)er evciy 
1000 lb. of live-w<-iglit of the common farm animals may bo taken, 
roughly speaking, at 21 lb, diy food material and 0 lb. of straw as 
litter. The daily ju-oduction of manure for 1000 lb. of live-weight 
W'ould amount, therefore, to 18 lb. of dry, or 72 lb. wet manure. 
(Sec Ai)pendix, Note XVII., ]>. 291.) Aecordiiig to J. (k Illortoii and 
Evershed, oxen feeding in boxes roiuirc 20 lb. of straw per head per 
day as litter. An ox, therefore, will make 8 tons of fresh dung in six 
month.s, using 32 cwt. of litter. This means that each ton of litter 
gives 5 tons of fresh dung. It is caleulatcd that nearly twice as inueh 
litter must be use«l in open yard.s. 
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llie presence of certain food-constitnenls, esi)ecially 
iiitr(\! 4 'enoiis Ixxlies, were necessary. 

Sulj.se(pient researclies by IVistenr and others liavc 
coiH'liisively de.nionstraU'd that the inici'o-organic; lil'e, 
iiisiriniiental in erCectinj^ tlui pntrefaction or dtu-ay 
of ori^aiiic matter of any kind, may Ik; dividial into t wo 
,m'eat classes : — 

1. Those which riMpiini a ]»](‘iditnl su]»ply of oN}\e;eii 
foi' their devi‘lo])menl, and wliieli, when lu'n'.lt of 
oxygen, die — known as ((rrohlcs. 

'2. Those wliicli, on the conlrary, devidop in tin; 
eoiiiplet(i al)S('nc(^ of oxyg(“n, and which, when exposed 
to ox)-gen, die, — knowji as diiffcrohirs. 

In file fernumlation of the. maiiin'e-]i(‘ap, lliei'i'iore, 
we, must ('oneeive of the. two classes (if organisms 
as the active agents. In tlie interior [xntion of the 
manure-heap, wherii the supply of oxygen is neces- 
sarily limited, the ferinenlation going on there is 
effected hy means of the amuu'ohic organism — i.c., 
the organism whicdi doexs not i‘(!([uire oxygen ; while 
oil the surface portion, wliich is exposed to the air, 
file aerobic (or oxygeii-rcfpiiring) organism is similarly 
active. (Jradually, as decay progresses, the aeroliic 
organisms increase in mimher. It is through their 
iuslruincntality that the linal ])r(.)ducts of de(;omposi- 
fion arc largely produced. The functions of the anae- 
robic organisms may he, on the contrary, regarded as 
largely preparatory in their nature. V>y breaking up 
file complex organic substances in the manure into 
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new and simpler forms, tliey advance the process of 
putrefaction tlirou^^li tlic initial stages ; and when tin's 
is accomplished, they die and give place to the aero- 
bic, which, as w(i have just seen, effect the final trans- 
formation of the organic matter into such simple 
suhstances as water and (‘arbonic acid (/as. 

The conditions inllnencing tlie fermentation of farm- 
yard manure may he summed up as follows;^ — 

1. ToDpcraturc . — The higher the temperature the 
more ra})idly will the manure decjiy. 

2. OpennrHs to the Air . — Of course it will he seen 
that the effect of exposing the manure to the action of 
the air is to indu(;e the tlev(dopment of the aerobic 
type of orgfuiism, and thus to ])roniote more rapid 
fermeidation. If, on the other hand, the manure he 
impacted, the slower but more regular fenncntatioii, 
due to the anaerobic type of organism, will be chielly 
promoted. It must be reniendjered that in tlic proper 
rotting of farmyard manure both kinds of fermenta- 
tion should be fo.stered. It is, in fa(*t, on the careful 
regulation of the two classes of fermentation that tluJ 
successful rotting of the manure depends. It must 
further be remembered that, even with a certain amount 
of openness in a manure-heap, anaerobic%rmentation 
may take place. This is due to the fact that the 
evolution of carbonic acid gas, in such a case, is so 

^ It lias beon calculated that under ordinary circumstances shec['- 
dun^, when allowed to ferment by itself, should do so in about four 
months, horse-dung in six months, and cow-dung in eight mouths. 
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i^reat us to exclude tlie access of tlic atmospheric 
oxygen into the pores of the lieap. 

I). The dampness of the maniir(i-hea[) is another 
iiuportant iiitlueiice. This, of course, will act in two 
ways. First, by lowering the temperature. Where 
tlie manure-heap is found to he sutrering from “ fire- 
fang,” the common method in practice is 4o hnver 
the temperature hy moistening the lieap with water. 
Secondly, it acts as a retarder of fermentation by 
limiting the supply of atmospheric oxygen, and tlius 
preventing, as we liave just seen, aerobic fermentation. 

4. The fourth chief inlluence in regulating fermen- 
tation of the manure-heay) is its coniposilion, and more 
especially the amount of nitrogen it contains in a solu- 
l)le form. The rate at whicli fmanentation takes ])lacc 
in any organic substance may be said cliii^tly to de- 
pend on the percentage of soluble nitrogenous matter 
it contains : the greater this is in amount, tlie more 
guickly does fermentation go on. There are always 
a number of soluble nitrogenous bodies in farmyard 
manure. These are chiefly found in the urine, such as 
xeea, uric and hippioric acids, and ammonia salts. 

Producti^f Decomposition of Farmyard Manure, 

The most important of the changes which take place 
in the rotting of farmyard manure may be briefly 
enumerated as follows : — 

1. The gradual conversion into gases of a largo portion 
of the organic elements in the manure. Of these gaseous 
K 
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products the most abundant is carbonic acid gas (CO..). 
It is in this form that the carbonaceous matter whicli 
constitutes the chief portion of the manure escapes 
into the air. Carbon also c.scapes into the air, com- 
bined with liydrof^en, in the form of carhuiritcd hydro- 
gen or marsh-gas (ClI^), a product of the decomposition 
of organic matter in the ])rescnce of a large quantity 
of water. This gas is couse(pieiitly found bubbling up 
through stagnant water. Next to carbonic acid gas, 
loatcr (H/.)) is the most abundant gaseous product of 
decomposition. The nitrogen present in the manure, 
in different forms, is converted by the process of 
decomposition clhelly into ammonia, whiclq combining 
witli the carbonic acid, forms carbonate of ammonia, 
a very volatile salt. It is to this fact tliat one of 
the great sources of lo.ss in tlic decomposition of 
farmyard manure is due. If the temperature of the 
manure-heap be permitted to rise too high, the car- 
bonate of ammonia volatilises. It is probable, also, 
that a not inconsiderable portion of the nitrogen 
escapes into the air in the free state. The last of tlic 
most important gaseous products of decomposition are 
snl'phurettcd and ijhosiohorcttcd hydrogen. It is to these 
gases that much of the smell of rottftg farmyard 
manure is due. 

2. The second class of substances formed are soluble 
organic acids, such as humic and ulmic acids. The 
function performed by these acids is a very important 
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one. They unite with the aminonia and the alkali 
substances in the mineral portion of the manure, 
forming humates and ulmates of ammonia, potash, &c. 
It is these ulmates that form tlie black liquor which 
oozes out from the manure-heap. 

In very rotten farmyard manure traces of nitric 
odd may be found ; but it must be reiiumibered that 
llie formation of nitrates is ])ractically impossible under 
tli(3 ordinary conditions of active fermentation of farm- 
yard manure, except perhaps in its very last stages. 

d. Tlie tliird class of changes taking place have to 
do with tlie mineral portion of the manure. The re- 
sult of the formation of .so mucli carbonic and other 
organic acids is to increase the amount of sohihlc 
mineral matter very considerably. 


A mdyscs of Farm yard Manure. 

It is chiefly to the valuable researclies of tlie late 
Ik’ Augustus Voclckcr tliat we owe our knowledge of 
the composition of old and fresh farmyard manure. 
All interested in this important question should peruse 
the original papers on this subject contributed to the 
‘Journal of the Iloyal Agricultural Society’ by Dr 
Voelcker. "f^pical analyses illustrating the variation 
ui the composition of farmyard manure at different 
''stages of decomposition will be found in the Ap- 
pendixd From what has been already said, it is 
^ See Appendix, Note XII., p. 280. 
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obvious that tlie composition of farmyard maiiiirr 
is of a very variable nature. 

The quantity of moisture naturally varies most, and 
this variation will depend on the ago of the manure, 
and the conditions under which it is permitted to 
decay. It may be taken at fnjm a minimum of 65 ])er 
cent in fresh to 80 per cent in well-rotted manure. 
The total organic matt(n- may be talcen at from 12 
to 11 per cent, (‘ontaining nitrogen A to .65 per cent. 
The total mineral matter will range from about 1 
to 6.5 per cent, containing of potash from .4 to .7 
per cent, and of phosi)lioric acid from .2 to .4 per 
ceiit.^ 

As Mr Warington*' has pointed out, one ton of 
farmyard manure would thus contain 0 to 15 lb. A 
nitrogen, about the same (piantity of potash, and 4 to 0 
lb. of phosphoric acid. These quantities of nitrogen 
and phosphoric acid, calculated to (95 per cent) nitrate 
of soda, and (97 per cent) sulphate of ammonia, and 
(25 per cent) superphosphate, give respectively 57.25 
to 96 lb. nitrate of soda, 45 to 75 lb. sulphate of 
ammonia, and 35 to 79 lb. superphosphate. That is, 
ill order to apply as much nitrogen to the soil as is 
contained in one ton of nitrate of soda, we should 
require to use from 23 to 41 tons of farmyard manure : 
similarly one ton of sulphate of ammonia contains as 
much nitrogen as 30 to 50 tons farmyard manure, la 

^ See HeiJeii’s ‘ Dungerlchrc,' vol. ii. p. 156. 

- Wariiigtou, ‘Chemistry of the Farm,’ p. 33. 
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the same way one ton of superjjliosphate of lime con- 
tains as much pliosphoric acid as 28 to 04 tons farm- 
yard inannrc. 

The value of rotten mannre is, weight for weight, 
greater tlian that of fresh mannre. This is due to the 
fa(‘t that, while the water increases in amount, the loss 
of organic matter of a non-nitrogenons nature more 
than connterhalanecs the increase in water. The man- 
ure, tlierefore, becomes more concentrated in (piality. 
The loss on the total weight, according to Wolff, in 
tlie rotting of farmyard mannre, should not exceed in 
two or three months’ time lb to 20 per c(mt — viz., a 
sixth to a fifth of its entire weight. Kot oidy, how- 
ever, does the manure become richer in manurial in- 
gredients, but tlie forms in which tlie manurial ingre- 
dients arc present in rotten manure are more valuable, 
as they are more soluble. Tliese statements must 
not be taken as proving that it is more economical 
to apply farmyard manure in a rotten condition than 
in a fresh one. Tlie distinction must not be lost 
sight of which exists between relative increase — 
increase in the percentage of valuable constituents 
—and absolute increase. The increase in the value 
'd the manure by the changes of the manurial ingre- 
dients from the insoluble to the soluble condition may 
lie effected at the expense of a considerable amount 
nf absolute loss of these valuable ingredients. This is 
n point which is probably too often left out of account 
^n discussing the relative merits of fresh and rotten 
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farmyard inamire ; and it is iinporiaiit that it should 
be clearly understood. In the words of the late Dr 
Voelcker: “ Direct experiments have shown that 100 
cwt. of fresh farmyard manure are reduced to 80 cwt. 
if allowed to lie till the straw is half rotten ; 100 cwt. 
of fresh farmyard manures are r('duccd to 60 cwt. if 
allowed to ferment till it bcconu'S ' fat or cheesy ’ ; 100 
cwt. of fresh farmyard manure arc reduced to 40-50 
cwt. if completely decomposed. This loss not oidy 
affects the water and other less valuable constituents 
of farmyard manure, but also its most fertilising in- 
gredients. Chemical analysis has shown that 100 cwt. 
of common farmyard manure contain about 40 lb. of 
nitrogen, and that during fermentation in the first 
period 5 lb. of nitrogen are dissipated in the form of 
volatile ammonia ; in the second, 10 lb. ; in the third, 
20 lb. Completely decomposed common manure has 
thus lost about one-half of its most valuable constitu- 
ent.” ^ While, of course, a very great amount of abso- 
lute loss of the valuable constituents — the nitrogen and 
ash-constituents — of farmyard manure may take place 
through volatilisation and drainage, by taking requi- 
site precautions this loss may be very much mini- 
mised. As regards the total loss, this, in two or 
three months’ time, should only amount to 16 to 20 

1 Recent experiments by Miintz and Girard in France have shown 
that the loss in .sheep excreta from volatilisation of the carbonate of 
ammonia amounted to over 50 per cent. By the use of straw litter 
this was reduced to about a half less, and with earth litter one 
quarter less. 
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per cent — or one-sixth to one-fifth of the weight.^ 
The use of fixers, to wliich reference has already been 
made, will greatly ininiinise this loss. The application 
of fixers is best made to the manure when still in the 
stall or byre. The health of the animal benefits by so 
doing, while the manure is at once guarded against 
loss from this source. 

As to the relative merits of covered and uncovered 
manure-heaps, much difference of opinion exists. It 
is one of those questions which does not admit of final 
decision one way or another, as it depends so largely 
on the individual circumstances of each case. That 
manure produced under cover is more valuable than 
manure made in the open is readily granted. Tlie 
question, however, is as to whether the increase in 
its value is sufficiently great to warrant the extra 
expense involved in liuilding covered courts. This 
depends on the individual circumstances of each case, 
and cannot be decided in a general way. For experi- 
ments on the relative value of manure made under 
cover and in the open, see Appendix.- 

The method of applying farmyard manure to the 
field is a question which belongs more to the practical 
farmer than to the scientist, and must be largely de- 
cided by economic considerations. There is an aspect, 
however, of the question which may well be treated here. 
The first point in the production of good manure is in 

^ See Appendix, Note XIIL, p. 288. 

2 See Appendix, Note XIV., p. 289, 
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connection witli its even distribution. Tt is of great 
importance tliat tlic excrements of the different farm 
animals be tborougldy mixed together. By tlie inti- 
mate incorporation of tlic “hot” liorsc-dung with the 
“cold” cow and pig dung, uniform fermentation is 
secured, b'ini-faug — or too rapid fermentation — may 
occur from this not l)eiug ])ro]>erly done, and from tlu' 
manure becoming too dry. It is imi)ortant, also, as W(' 
shall sec immediately, to liavc the manure uniform in 
(piality when applied to the. lield. The manure ought 
to be firmly trodd(ni down, to moderate the rate of 
fermentation. Where tlie manure -licap is exposed 
to rain, the (piantity of water it will naturally receive 
will probably be (luite sufbeient, if imh'ed not too much, 
to ensure a ])roper rate of fernnnitation — except, per- 
haps, in very warm wcatlier. The great i)oint to ])e 
aimed at is to ensure regular fermentation. What 
has to be especially avoided is any sudden exposure 
of the manure to larg(‘, quantities of water. The 
result of such a washing-out of the soluble nitrogen 
is to retard fermentation, l;)csidcs incurring the risk of 
great actual loss by drainage.^ 


A2rplication of Farmyard Jl/anurc to the Field, 

In applying the manure to the field, and before 
ploughing it in, two methods of procedure may be 
pursued. First, the manure may be set out in heaps, 

^ See Appendix, Note XV., p. 290 , 
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larger or smaller, over tlie field, and be fillowed to 
remain in these heaps some time before being spread ; 
iiiul secondly, it may be ilirectly spread broadcast 
over the field, and tlius allowed to lie for some time. 
Lastly, the manure may be jdonglied in immediately; 
and it may l)(i stat(‘d that such a nietliod is, where 
ei real 111 stall CCS permit, tlui safest and most economical 
method.^ 

In discussing the merits and demerits of these two 
methods, J)r Jleiden jioints out, first, with regard to 
the distribiilion of the manure in small heaps over the 
field, that this is not to be recommended, on the fol- 
lowing grounds: — 

1 . Because the chances of loss lay volatilisation are 
llierehy increased. The manure is distributed several 
limes instead of only once or twice. 

2 . It is apt to ensure iinecpial distribution. The 
separate heaps run the risk of losing their soluble 
nitrogenous matter, wliich soaks into the ground 
beneath the heaps. The other jiortions of the field 
not covered by the manure- heaps are thus manured 
with washed-out farmyard manure, bereft of its most 
valuable constituents. The rc.siilt is, that while certain 
IKirtions of the field are too strongly manured, other 
portions are too weakly manured. 

^ For spring application rotten farmyard manure is generally used, 
because in thi.s condition its fertilising matter is more quickly avail- 
'^tle. On light .land it is best to apply it in the rotten condition 
^tortly before it is likely to be used. (See p. 2(11.) 
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3. Tlie proper fermentation of the manure is apt to 
be interfered with by the loss of that wliich is its most 
important agent — viz., tlie soluble nitrogenous matter 
— and also by the drying action of the wind. 

Tlie same objections hold good to a large extent 
with regard to the setting out in the fields of the 
manure iii large heaps. The risks of loss, in one 
respect, may be said to be less, owing to the smaller 
surface presented. On the other hand, they may be 
greater, owing to fermentation taking place more 
quickly. Agricultural practice, however, often ren- 
ders this custom necessary; and if precautions are 
taken not to let the heap lie too long, and to cover 
it over with earth, the risk of serious loss may be 
rendered inconsideralde. 

Witli regard to the second metliod of procedure — 
viz., the spreading of the manure broadcast over tlie 
field, and allowing it thus to lie — Dr Heideii is of 
opinion that this sliould only be done when the field 
is level. In the case of uneven ground the risks are, 
of course, obvious. It has been allirmed that, by allow- 
ing farmyard manure thus to lie exposed for some 
time, an important loss of volatile ammonia — carbonate 
of ammonia — is apt to take place. This could only 
take place where the former treatment of the farmyard 
manure had been bad. Hellriegel has shown that in 
the case of properly prepared farmyard manure there 
is no danger of loss in this way. The absorptive 
power of the soil for ammonia, it must be remein- 



DIFFERENT METHODS OF APPLICATION. 


267 


l)ered, is very great, and the amount of volatile 
ammonia in farmyard manure is relatively so small 
tliat it is scarcely possible that any could escape 
ill this way. TIellriegers (*.xperiments have demon- 
strated this in a very striking way. lie lias found 
that in the case of a clialky soil, and during tlie 
summer and autumn months, practically no loss of 
ammonia takes place. The following considerations 
may be further urged in support of this method of 
application, as against immediately ploughing in the 
manure, viz. : — 

1. That fermentation takes place more quickly. 

2. That it results in a more equable distribution of 
the manurial constituents in the dung, liy gradually 
and thoroughly incorporating tlie liquid portion of the 
manure with the soil-particles. 

Against, however, these undoubted advantages, one 
serious disadvantage may be urged — viz., that the 
manure, before being ploughed in, becomes robbed to 
a large extent of its solulde nitrogenous compounds, 
which, as we have repeatedly observed, are so neces- 
sary for fermentation ; and that, therefore, when it is 
ploughed in, it does not so readily ferment. This 
being so, it is highly advisable, in the case of light or 
sandy soils, not to follow such a practice, but to plough 
the manure directly in. 

As to the depth to whicli it is advisable to plough 
the manure in, it may be here noticed that it should 
not be too deep, so as to permit of the access of suffi- 
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cicnt moisture to ensure proper fermentation, and 
to prevent rapid washing down of nitrates to the 
drains. Lastly, it need scarcely he pointed out that 
it is liighly important to have the manure evenly 
and tlioroughly incor])oratcd witii tlie soil-particles. 
Where tlie manuia; is peniiitted to cake together in 
lumps, it may succicssfully resist tlie action of fer- 
mentation for several years. 


Value, and Function of Farmyard Manure. 

rractical experience has long demonstrated tlie fact 
tliat farmyard manure is, taking it all round, the most 
valuable, and admits of the most universal application, 
of all manures; and science has done much to explain 
the reason of this. The inlluence of farmyard manure 
is so many-sided that it is dillicult even to enumerate 
its different functions. As has already been pointed 
out, its indirect value as a manure is probably as 
great jis, if indeed even not greater than, its direct 
value. In concluding our study of farmyard manure, 
we shall endeavour to summarise, in as brief a manner 
as possible, its chief properties. 

First, as to its value as a supplier of the neces- 
sary elements of plant-food. This, there can be little 
doubt, has been, and still is, grossly exaggerated by the 
ordinary farmer. Much has been claimed for it as a 
“ general ” manure. How far it merits pre-eminence 
on this score among other manures will be seen in the 
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se(|iiel. It is true that, since it is composed of vege- 
table matter, it contains all the necessary planl in- 
gredientsd As has been shown in the Introduction, 
tlicrc is practically in the case of most soils no 
necessity to add to a manure any more than the 
tliree ingredients, nitroijcn, phimpho^'U' f(dd, and potash. 
Its value, tlieii, as a direct manure, must depend on 
the (piantity and proportion in which tlu^se three in- 
gredients arc ])rcsent. Tlu'si! substances, as wci have 
already seen, it (.‘ontains only in very small quantities. 
It is, judged from this ])oint of view, a comparatively 
I>oor manure. Furthermoia;, only a certain percentage 
"f these substances is in a soluble or immediately 
available condition, — in this resp(ict the rotten man- 
ure being very much more valuable than the fresh 
manure. 

Again, a point of great importance in a universal 
manure is the proportion in which the necessary plant- 
foods are present. • If it be asked. Are tlie nitrogen, 
phosphoric acid, and potash in farmyard manure pres- 
ent ill the proportion in which crops require these 
constituents ? the answer must be in the negative. 
Heiden - has very strikingly illustrated this point, in 
so far as the relations between the two ash ingredients 
arc concerned, by some computations as to the amount 
which would be removed from the soil in the course of 

^ The total amount of plant-food in a ton of farmyard manure is 
together less than l-20th of its total weight. 

■ See Heiden’s ‘ Dlingerlchre,’ vol. ii. p. 171. 
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difleront rotations.^ In the case of live diflerent rota- 
tions it was found that the ratio between the potasli 
and phosphoric acid removed was as follows (]) 
2.9G to 1 ; (2) 2.76 to 1 ; (d) 2.95 to 1 ; (4) 4.13 to 1; 
(5) 3.78 to 1. This would give a mean of 3.32 to 1. 
This is not the ratio in which these ingredients are 
generally present in farmyard manure. Tarniyard 
manure may be said to be much richer in the mineral 
constituents of plants than in nitrogen. Professor 
Heidcn found that in the case of a farm at Waldau, 
the crops in the course of ten years removed from a 
morgen (.631 of an acre) the following quantities : — 

11 ). 

Nitrogen 329 

Potash 263 

Phospliorii; acid 121 

In order to supply these amounts the following 
quantities of manure would require to be sup- 
plied : — 

1. For the nitrogen, 26 or 27 tons (manure contain- 

ing .606 per cent nitrogen). 

2. For the potash, 20 to 25 tons (manure containing 

.672 per cent potash). 

3. For the jihosphoric acid, 13 to 19 tons (manure 

containing .315 per cent phosphoric acid). 

From the above it will be seen that farmyard man- 

^ For fall details .see Appendix, Note XVI., p. 290. 

^ Storer reproduces these results in his ‘Agricultural Chemistry,’ 
vol. ii. p. 21. 
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lire contains too little nitrogen in proportion to its ash 
ingredients. 

It is not merely tlie amount of fertilising ingredients 
removed hy the crop we have to take into account in 
estimating tlie value of certain manurial ingredients 
for the dillereiit crops. Two other considerations liave 
to he remembered — viz., the amount of the constitu- 
ents already present in the soil, and the ability of the 
dilVerent crops to obtain the ingredients from the soil. 
If we take into account tliese two considerations in 
estimating tlie value of farmyard manure as a general 
manure, we shall find that they accentuate the inade- 
'imicy of the ratio existing between the nitrogen and 
the mineral ingredients. Messrs Lawes and Gilbert 
Iiave found in the Eothamsted cxjierimeiits with farm- 
yard manure, tliat while it restored the mineral ingredi- 
ents, it was inadequate as a sullicient source of nitro- 
gen. Nitrogen is, of all manurial ingredients, in least 
abundance in soils. It is consequently found that the 
ingredient in which farmyard manure requires to be 
reinforced is nitrogen. With regard to phosphoric acid 
and potash, it has already been shown that the ratio 
between them is probably greater tlian that in a good 
average manure. We should, arguing from tliis alone, 
be inclined to think tliat farmyard manure would 
be best reinforced with potash. The reverse is the 
case, however, as every farmer knows. Tins is due, 
first, to the fact that the potash, unlike the phosphoric 
^cid, is entirely of a soluble nature, and therefore 
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iiiimcdiatoly available for the plant’s needs; and 
seeondly, to tlie fact that the necessity for the appli- 
cation of potash as a manure is generally not ne.'irly 
so great as in the case of phosphoric acid. The resull 
is, that farmyard manure will he, as a rule, niort; 
valuably supplemented by phosphoric acid than by 
potash. 

Another point of great importance, in estimating 
the value of farmyard manure as a chemical maniire, 
is the inferior value possessed by much of the nitrogen 
it contains, as compared with the nitrogen in such 
artificial manures as nitrate of soda and sulphate of 
ammonia. According to the Itothamsted experiments, 
weight for weight, the nitrogen in farmyard maiiuri* 
is not half so valuable as it is in sulphate of ammonia. 
Much of the nitrogen becomes only very slowly avail- 
able ; not a little of it perhaps actually takes years to 
be converted into nitrates.^ 

^ This aspect of farmyard manure has been ably stated by Mr E. J. 
Cooke, a well-kuoAvn Norfolk farmer. In commenting on the results 
of the Kothamsted experiments, ho says : “ It is clear enough that tbe 
faith of the farmer in tlie soil-enriching character of his home-made 
manure is amply justified ; the only (piestion being, indeed, if tht'^ 
quality be not too highly appreciated. It is not, after all, so much 
hy the fattening of our land as l)y the bounty of the crop grown ujwn 
it that we reap the fruit of our exertioiis. The man of scion tilic 
mind keeps his purpose fixed on tho produdioii of good crops mainly, 
and the cheapest way to grow them. The experiments under con- 
sideration show that richness of land may be purchased much too 
dearly, and that richness of crop by no means bears the ueccssar) 
relation to richness of soil which has sometimes been imagined. 
may boast of the ‘ lasting qualities ’ of our dung, but the answer of 



INDIRECT VALUE OK FARM YARD MAN UR K. 


‘273 


Thus, witli regard to the direct value of farmyard 
iiuiiiurc as a manure, we have seen — 

1. Tliat it contains a very small (quantity of the 
. three fertilising ingredients. 

'2. That the proportion in whicii tliese three ingredi- 
ents are present is not tlie best })ro})ortion for 
the requirements of cro])s. 

That the form in wliich a ))ortion of these ingredi- 
ents — nitrogen and ])lios])horic acid — is present 
is not of the most valual)le kind. 

It is consequently not as a direct cliemical manure 
that farmyard manure is pre-eminently valuable. We 
must seek for ])erlinps its most valuable properties in 
its indirect influence. 

It adds to tlie soil a large quantity of organic 
m:itter. Most soils are im|)roved by the addition of 
hniims. The water-absorbing and retaining powers of 
a soil are increased by this addition of hiiinus, while it 
enables the soil to attract an increased amount of mois- 
ture from the air. This is often of great importance, as 
in the period of germination of seed.^ The influence 
it exerts on the texture of the soil in the process of 


sciciico by these experinienis is, that so gi'eat is the last that the life 
one man may not be long enough to exhaust it. In the extra- 
'"^gant use of dung, therefore, such considerations, amongst many 
'jtliers, as length of purse, as well as length and character of tenure, 
tnust clearly he taken into account.” 

^ See paper on “ Manurial Experiments with Turnips” by author, 
ill ‘ Trausactioiis of the Highland and Agricultural Society of Scot- 
l'»nd,’ 1891 . 


S 
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fermentation is also very great. This is especially so 
in soils wliose texture is too close, such as heavy clayey 
soils. It opens up their pores to the air, and renders 
tlicni more friable. Where such an inllucnce is most 
required, as in clayey soils, the manure ought to he 
applied in a fresh condition, so that tlie maximum 
inllucnce exerted by the manure in this direction 
may be experienced. On light soils, on the contrary, 
whoso friability and openness are already too great, 
and which do not require to be increased, the manure 
will be best applied in a rotten condition. It adds, 
further, greatly to the heat of the soils by its decom- 
position, Thus on cold damp soils it ellects one very 
marked bcnelit. The inllucnce it exerts in its decom- 
position upon the fertilising ingredients present in tlie 
soil is also by no means inconsiderable. In the pro- 
cess of its fermentation large quantities of carbonic 
acid gas are generated. This carbonic acid probably 
acts in a double capacity. It will, in the first place, 
greatly increase the solvent power of the soil-water, 
and thus enable it to set free an increased amount of 
mineral plant-food ; and secondly, it will help to con- 
serve a certain quantity of the soil-nitrogen, by pre- 
venting its conversion into nitrates. 

As its indirect and mechanical properties arc greatest 
when in its fresh condition, it will be better to apply 
it in that condition to soils most lacking in these 
mechanical properties. We may therefore say that 
farmyard manure is best applied in a rotted condition 
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to light sandy soils, and to soils in a high state of 
cultivation, where its mechanical properties are not 
so inucli required. 

An important point still remains to be discussed — 
viz., the rate at which the hirmyard manure should be 
;il)[)licd. This, of course, should naturally depend on 
a variety of circumstances — tlie amount of artilicial 
iiiaimres used as supplementary to the farmyard man- 
ure, the frequency of its application, and the nature 
of the soil. 

These considerations naturally vary so much, that 
the quantities of farmyard manure it is advisable to 
apply in different cases are widely dillerent. There is 
a strong probability that the rate at which farmyard 
manure has been applied in the past has been grossly 
in excess of what could be profitably employed. Opin- 
ion is gaining ground among practical farmers, that 
smaller and more frequent applications of farmyard 
manure to the soil would be fraught with l)ctter re- 
sults than the older custom of a])plying a large dress- 
ing at a time. This is an opinion in the support of 
which science can urge strong arguments, it is only of 
Ifffe years that we have come to recognise sufficiently 
Ihe various risks which all fertilisers are subject to 
iu the soil, and the importance, therefore, of minimis- 
ing these risks as much as possible by putting into the 
soil at one time only as much manure as it is safely 
nble to retain. 

“ The famous old German writer Thaer regarded 17 
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or 18 tons as an abundant dressing; 14 tons he called 
good, and 8 or 9 tons light. Otlier Gernian authorities 
speak of 7 to 10 tons as light, 12 to 18 tons as usual, 
20 or more tons as heavy, and 20 tons as a very heavy 
application.” ^ 

Tn the new edition of Ste])hens’ ‘ Hook of the Farm,’ - 
froni 8 to 12 tons per acre for roots, :ind from 15 to 20 
tons for potatoes, along with artificials, which may cost 
from 25s. to 60s. jicr acre additional, are cpioted as 
general dressings. 

The majority of lavauit ex])eriments with farmyard 
manure would seem to indicate that, even in the case 
of what are considered small dressings, the extra re- 
turn in crop the first year after application is not such 
as to cover the expense of the manure. Of course, as is 
commonly pointed out, the eirect of farmyard manure 
is of a lasting nature, and is probably felt throughout 
the whole rotation, or even longer. Tliis, to a certain 
extent, is no doubt true ; still it may be strongly 
doubted whether farmyard manure is, after (dl, an 
economical manure, as compared with artificial man- 
ures. The desirability of manuring the soil and not 
the crop is, in this age of keen competition, no longer 
believed in; and the Kothamsted experiments have 
shown that it is highly doubtful whether even the soil 
benefits to anything like a commensurate extent by 
the application of large cpiantities of farmyard manure. 

^ Storer’s ‘Agricultural Chemistry,’ vol. i. p. 498. 

- Divusiou III. p, 130. 



ITS ECONOMIC VALUE. 


This is of course assuming for farmyard manure the 
value that it would fetch wlien sold, or, to put it rather 
(liircrcntly, tlie price it would cost if the farmer liad 
to purchase it. Farmyard manure is a necessary bye- 
product of tlie farm, and can scarcely be regarded, 
tlierefore, in the same light as the artificial manures 
wliich the farmer huys.^ 

’ Mr F. J. Cooke, who has already been (pioted, has kindly fur- 
nished tlie author with his views on the peculiar functions of farmyard 
manure as a manure. He says : “ I look upon it, broadly si)eakin(j;, 
as chiefly of value in restorinf]j to good land, after cropping, those 
I'articular advantages which good land alone can give, and in helping 
better than any other manure, when aj^died to poor land, to bring it 
nj' lo the level of good land in those particular merits which belong 
idoiie to line soils. I speak now of an inlierent value in good soils, be- 
yoiul that attaching to them as mere reservoirs of aVuindant plant-food. 
For instance, one may supply a poor soil by artificial manure with 
much more food — and in a highly soluble condition —than is needed 
by the crop to be grown niton it, and yet not get so good a crop as 
I'lmii a naturally riclier but otberwise similar soil le.ss abundantly 
filled with immediately availahht food. This may arise from a more 
I'erlcct distribution of tbe idant-foml in tbe rich soil, or from the, 
steady way in whicli it hceomes availabh; to the crop, as well as for 
"tiler reasons. Ibit whatever the cause, there, I think, is the hroad 
fict ot the power of farmyard manure to enrich ])oor .soils, so to siteak, 
more naturally— that is, in a way which makes them more nearly eor- 
J’espoud to lictter soils than artificial manures can.” 

Hence the indirect benefit to the farmer from .farmyard manure is 
I'l'obalily greater than its direct value as a mere mamire. And the 
usual provision and use of it among.st all straw-growing farmers is 
■Millieieiitly justified. The extent, however, to whieh that course 
uiay lie beneficially carried, i.s one of tbe most important of the many 
ditlieult economic and .scientific problems which the farmer has to 
face. 

Hu the economic side inu.st of conv.se be considered the cost of 
luanufacturo in individual iiustanccs, as ruled by tbe market value of 
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the straw, and the different circumstances and conditions under 
which the various farni animals are kept and fed (I have the ligurt s 
by na; of one well-known farmer, which show the cost to him of every 
ton of home-made manure to be 20s, or more) ; the price the result- 
ant crops may be exp(‘ctcd to command ; the cost at the moment ol 
artificial manures, &,c., kc. AVhilst ofi the scientific side must lie 
considered the nature of the soil, the particular rotation of crops, kc. 

It was, amongst others, just these scientific, and yet very delinite 
and practical problems we have tried to throw light on in the scries 
of field experiments coiulucted for several years by the Norfolk 
Chamber of Agriculture. (See reprint of summary of same in last 
year’s Report of the Board of Agriculture.) 
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NOTE 1. (p. 225). 

PlFFERENCK IN AmoQNT OF EXCIIETA VOIDED FOR 

Food consumed. 

With regard to the (liTereiicc in the composition of the 
solid excreta voided by dillerent fattening aniimds fed on 
the same amount of food, sei*. Warington’s ‘Chemistry 
of tlie Farm,' }). 125, wliere it is shown that for e(pial 
amount of live -weight, tlie slieep produces on the same 
M'eiglit of dry food very much more manure timn the 
pig, while the ox produces even more than the sheep. 
Of course this does not refer to the total amount of man- 
ure produced by the dillerent animals, but oiily to the 
amount of manure produced from the consumption of 
cipial (piantities of food. This would seem to be owing 
to the greater capacity the pig has for assimilating its food. 


NOTE. 1 1, (p. 227). 

^OLiD Excreta voided by Sheef, Oxen, and Cows. 

To contrast with the analyses given by Stoeckhardt, it 
may be well to cite those laised on Lawes and Gilbert’s 
•‘xperiinents, and quoted by Warington (‘Chemistry of the 
•’arm,’ p. 138):— 
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T.—tSilEEP (fed on mradow-hty). 



Solid ExeriKMENT. 


Fresli. 

Dry. 

Water . 

t)6.2 


Or^faiiie matter 

ao.3 

89.’ 6 

Asli . 

3.5 

10.4 

Nitrogen 

7 

2.0 

[.—Oxen (fed on 

chnrr-hay and ont-strnw, with 
jter day). 

8 lb. beans 


Fresh. 

Diy. 

Water . 

86.3 


Organic matter 

12.3 

si. 7 

Ash 

1,4 

10.3 

Nitrogen 

3 

1.9 

III.— Cows 

(fed on mnnycla and lucerne hay). 


Mangel a. 

Liiceriie h.ny. 

Water . 

83.00 

79.70 

Nitrogen 

.33 

.34 

Phos]diori(; acid 

.2 4 

.16 

Potash . 

.14 

.23 


NOTE III. (p. 232). 

UlUNE VOIDED DY SllEEP, OXEN, AND CoWS. 


Tlio following iir(‘. 

tlie 

results 

for 111 

'ine, 

tlie aiiini! 

being fed ;is in Note 

IT. 






SllKKD. 


OXKN. 

Water . 

Fresh 

Dry. 


Fresh. 

Dry. 

8.5.7 



94.1 


Org.inie matter 

8.7 

61.0 


3.7 

63.0 

Ash 

5.6 

39.0 


2.2 

37.0 

Nitrogen 

1.4 

9.6 


1.2 

20.6 



C<iws. 







Mangels. 


Lucerne h.ay. 

Water . 



95.94 


88.25 

Nitrogen 



.12 


1..54 

Phos])horic acid . 



.01 


.006 

Potash . 



.59 


1.69 
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NOTE IV. (p. 233). 

PERCENTAdE OP FoOD VOIDED IN THE SOLTD AND LlQUID 

Excrements. 

According to AVolIF, the following tabic shows the per- 
centage of tlui dry substance of the food which is voided 
in the solid and li(piid cxcronieiits of the cow, ox, sheep, 
and horse : — 



Cow. 

Ox. 

Slice]!. 

Horse. 

Avoriii^c. 

Sdlid excreta 

. 38.0 

41.0 

42.6 

40.7 

42.8 

Urine 

. .5.8 

0.3 

0.8 

.5.7 

0.2 

Total . 

. 43.8 

.50.3 

19.4 

.52. 4 

49.0 


NOTE V. (p. 234). 

Pig Excuementb. 

The excu’cments voidcnl by pigs ar(‘. poor in inanurial 
constiiiiciits, because the food on which they are fed is 
generally of a very poor nature. In tluur case tlie urine 
is always very inuch richer in inanurial ingiaalients than 
the solid excreta. The ixdative coinjiosition of the solid ex- 
civta and the urine will be best illustrated by ([uoting some 
'‘xperiinonts carried out by Wollf on this subjcjct. The ex- 
p' l'iuients were carried out with two pigs nine and a half 
months old, and each 121.0 kilogrammes (a kilogramme is 
'‘gnal to about 2| lb.) in weiglit. Tlie first consumed daily 
1000 grammes of barh;y, oOOO grammes of jiotatoes, and 
*2o72 grammes of sour-niilk. The second one consumed 
the same (tuantities of potatoes and sour-milk as the first, 
■>■'10 1 000 grammes of peas. Tlie following table gives the 
lesults of excreta and urine daily voided, in grammes : — 


Solid 1 


Dry 

siib.'jt.mcc 

Nitrogen. 

Ash. 

Potash. 

Lime. 

Mag- 

nesia. 

Phosiilioiie 

acid. 

) b 

217.7 

8.7 

28.6 

7.3 

4.4 

3.0 

10.3 

'•xoreta j 

1 n. 

161.1 

9.1 

31.1 

.5.9 

4.9 

2.8 

11.1 

brine 

1 I. 

112.8 

19.3 

.56.2 

33.0 

0.4 

0.9 

6.7 

in. 

137.7 

30.0 

02.2 

37.1 

0.2 

1.1 

7.1 



282 


APPENDIX TO ClIAPTEll VII. 


NOTE VI. (p. 236). 


JilANUIlIAIi OONaTITUKNTS IN 1000 PaRTH OF ORDINARY FooDS. 

Pilsed oil Lawes and (Jilbert’.s Analyse^?. 
(Warin;^toii’s ‘ (^icmisiry of the Farm,’ p. 130.) 


Cotton-cake, decorti-'I 


cated 
Kapc-cake 
Linseed-cake 
Cotton-cake, 
corticated 
Linseed . 
Palm-kernel 
English 
Hcans 
I’c-as 

Malt-dust 
Prau . 

Oats 

Rice-mcal 
Wheat . 

Rye 

Barley . 

Maize 
Biunvers’ grains 
Clover-hay 
Meadow-hay 
Bean-straw 
Oat- straw 
Barley-straw 
Wheat-straw 
Potatoes . 
Swedes . 
Carrots . 
Mangels . 
Turnips . 


/ 


undc-1 

/ 

meal, 1 
/ 


Dry 

niatter. 

! 

Nitroj^on. i 

_ _ ^ 1 

I’otasli. 1 

^hosplioi'ir 

acid. 

918 

70.4 

1.5.8 

30.5 

887 

.50,5 

13.0 

20,0 

883 

43.2 

12.5 

16.2 

878 

33.3 

20.0 

22.7 

882 

32.8 

10.0 

13.5 

930 

2.5.0 

5.5 

12.2 

8.0.^) 

40.8 

12.9 

12.1 

857 

35.8 

10.1 

8.4 

905 

37.9 

20.8 

18.2 

860 

23.2 

15.3 

26.9 

870 

20.6 

4.8 

6.8 

900 

19.1 

6.1 

23.8 

877 

18.7 

5.2 

7.9 

857 

17.6 

5.8 

8.5 

860 

17.0 

4.7 

7.8 

890 

16.6 

3.7 

5.7 

234 

7.8 

0.4 

3.9 

840 

19.7 

18.6 

5.6 

857 

15.5 

16.0 

4.3 

2.9 

840 

13.0 

19.4 

857 

6.4 

16.3 

2.8 

85? 

5.6 

10.7 

1.9 

8.57 

4.8 

6.3 

2.2 

250 

3.4 

5.8 

1.6 

107 

2.2 

2.0 

0.6 

140 

2.1 

3.0 

1.1 

120 

1.8 

4.6 

0.7 

80 

1.6 

1 

2.9 

0.8 
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\\ MASKS OK Stable -Manure, made respectively with 
^ ’ Peat-moss Litter and MLieat-straw (by Bernard 

Dyer, IbSc.) l\,U,.,n...ss litu-r. Wlnat-slrinv. 

IVr (■.•lit. 

Total aitrof-ou . . • 0..s,S 0,61 

Equal to aiiiinoiiia . • L07 

Pliosjthodo anicl . . . 

Equal to Tribasic pliospbate of 

lime (or Tricaloic phosphate) 0.80 O-O i 

l-otadi. . . . • 

NOTE VII 1. 

(p. 


Analyses of Bracken (V)y J. ifconEi 

E.e.s.) 

Water . . • • 

* Organic matter 
t Mineral matter 

No. 1. 

Vo^^Il!^ Ifl'ii. 

Ihrcciit. 
11.00 
8:5.08 
LOO ^ 

Olt'l fern. 

I'cr edit. 

11.90 

80.51 

4.50 


100.00 

100.00 

Containing — 

Nitrogen 

t Silica . . . • 

Potash .... 

Soda .... 

Lime .... 
Magnesia 

Phosphoric acid 

2.42 

1.00 

1.15 

0.04 

0.44 

0.1:5 

0.00 

0.90 

2.81 

0.10 

O.20 

0.02 

0.47 

0.:50 

NOTE IX. (I.. 244). 



Analyses of IIouse-ManuhE. 

For a fvillor discussion of this (lucslioii, tho reader is 
p^ferred to llekWs ‘ Diingerlehre/ vol. ^ii. p. 185, 
also to Storer’s ‘Agricultural Choniistry, vol. i. p. '^75. 



284 


APPENDIX TO CHAPTER VII. 


The statements in the different text-books as to the quantity 
of manure produced by the horse arc such as naturally to 
perplex the student. This discrepancy is due, howevei', 
to the different methods adopted l)y dilferent writers of 
calculating this amount, d'lie .subject is further (li.sciissod 
in the footnote to p. 252. The following analyses of horse- 


inanure may be valuable for 
from Storer’s ‘Agricultural Ch 


Water .... 

1. 

7.5.70 

2. 

00.30 

Dry matter . . 

24.24 

24. S2 

Ash iiigrodieiits . 

,5.07 

5.05 

Potash .... 

0.51 

0.03 

Lime .... 

0.40 

0.74 

Magnesia . . . 

0.10 

0.20 

Phosphoric acid . 

0.41 

0.07 

Ammon ia . . . 

0.20 

0.12 

Total nitrogen 

0.5,3 

0.00 


reference. They are taloii 


miistry 

vol. i 

p. 490 

: — 

3. 

4. 

A. 1 


07.23 

72.13 

71.80 ! 

71. la 

32.72 

27.87 

28.70 ' 

27.07 

■ 0.40 

3.37 1 

3.30 ; 

l.O;") 

0.22 

0.50 

0.53 

0.10 

: 0.17 

0.41 1 

0.21 , 

0.30 

i 0.20 

0.17 

0.14 

0.20 

0.35 

0.12 

0.28 1 

0.30 

, 0.15 

O.il 


0.21 

, 0.47 

0.07 : 

0.58 

0.50 


NOTE X. (p. 247). 

The Nature of the Chemicat, Tveactions of Avmonia 
“ Fix EES.” 

T'or the student, tlie exact natun^ of the chemical re- 
actions taking place may bo of interest. 

In tbii first place, it must be distinctly understood that 
the form in whicdi ammonia escapes from the manure- 
heap is not, as is so commonly eiToneoiisly stated m 
agricultural text-books, as “free” ammonia. Whemo’cr 
ammonia is brougbt into contact with carbonic acid, car- 
bonate of ammonia is formed. When it is remembered 
that carbonic acid is by far the most abundant of tlic 
gaseous products of the tlecomposition of organic matter, 
it will be at once seen that free ammonia could not exist 
under such circumstances. 
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1. Fii tlio ease of hydrochloric acidj tlie following 
(■lu'iiiical c(i[uatioii will represent tlie nature of the reac- 
tion — 

• 2 IIC 1 + (NM.,),co, - ^Nir.ci + ir,o+C(), 

(llydrochloi'io (carLoiiatc of am- (sal-ammoiiiaf,) (carljoiiic acid.) 

' acid,) moiiia,) 

2. In the casi; of sidpliuric add, the eipiatiow will l)e 

ll^SO, + (NH,),C(),, (MH,),SO, + ino + co., 

(Sididiuric (car))onate of am- (sulpliatc of am- (carl»onic acid.) 

acid,) moiiia,) mouia,) 

AVitli (jypsuin (GaSO^) — 

0,SO^ + (Nil,), CO,, CaCO,, + (N1I,),S0^ 

(Oynsum,) (carl)Oiiatc of ammonia,) ^calcmm car- (siilidiate of am- 
‘ ^ bonatc,) mouia.) 

4. Witli copperas (FeSOj) — 

FoSO,, + (Nil.,), GO, O:C0,, -t- (NH,),SO,, 

iSidpliatc of (carbonalc. of am- (ferrous car- (sul]d)ate_ of am- 

ivoii,) mouia,) tmuate,) mouia.) 

0 . With snlidmte of magnesia (T^IgSO,,) — 

■MgSO., + (Nil,), CO,, ■■ MgCO,, + (NllJsSO, 

(^'nlpliaic of (carbouaic of am- (carbonate o I (sulphate ot am- 

iiiagiicsia,) mouia,) magnesia,) mouia.) 

Kcfcrence has heen made to the fact that magnesium 
sulphate may probably not only fix the ammonia, but the 
I'lio.sphoric acid. When magnesium sulphate, soluble 
I'liosphoric acid, and ammonia are brought in contact 
with one another, the double insolidile phosphate of 
innmonium and magnesium (MgNll 4 PG,,C.\([) is formed. 

Idle such a reaction is possible, it is highly improbable 
that it takes place to any extent. The double phosphate 
is a crystalline salt which only separates after a con- 
siderable time, and in the presence of a large excess of 
ammonia. 
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NOTE XT. (p. 250). 
Analyses of Cow-Manurk.' 



1 ^ 

! 


4. 


i i 

Aver- 

Water . . . 

85.30 

n.ii 

74.02 ' 

72.87 

1 75.00 

77.50 1 

77.0ti 

Dry matter . . 

14.70 

22.30 

25.98 : 

27.13 

25.00 

22.50 1 

22.93 

Asli ingredients 

2.04 

4.71 

3.94 : 

0.70 

i 6,22 

2.20 1 

4.30 

Potash . . 

0.30 

0.40 j 

0.50 ; 

1.09 

! 0.3!) 

0.40 , 

O.Gl 

Lime .... 

0.29 

0.37 ! 

0.58 ' 

0.41 

; 0.24 

0.31 

0.48 

Magnesia . . 

0.19 

! 0.11 ' 

0.13 i 


0.18 

0.11 1 


Pliosphorio acid 

0.10 1 

1 0.13’ 

0.07 ' 

0.20 

o.u 

0.10 

0.14 

Ammonia . . 

0.00 

0.10 1 

0.07 i 


0.27 


0.14 

Total nitrog(*n . 

■ 

0.38 1 

0.54 ! 

0.41 1 

0.79 

0.16 

0,31 

0.48 


NO'rE XII. (p. 250). 

OOM POSITION OF ITlESIt AND KoTTEN FaUMYARD 

Manure (Voki.uker). 

Composition of frcsli immure, composed of liorse, cow, 
and pig dung, al)oul fourteen days old : — 


Water ..... GO. 17 

* Soluble organic matter . . . 2.48 

Soluble inorganic matter . . 1..54 

t Insoluble organic matter . . 2.5.70 

Insoluble inorganic Jiiatter . . 4.05 

100.00 


* Containing nitrogen . . . .149 

Equal to ammonia . . . .181 

t Containing nitrogen . . . .494 

Equal to ammoniii . . . .599 

Total percentage of nitrogen . . .043 

Equal to animouia . . . .780 

Ammonia in a volatile state . . .034 

Ammonia in form of salts . . .088 


^ Storer’s ‘ Agricultural Chemistry,’ vol. i. p. 496. 
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Composition of tlio wliole :isli : — 

Soluble ill water, 27.55 per cent:— 

Soluble silica .... 

4.25 

Phospliato of lime 

5.35 

Lime ..... 

1.10 

Mai^uicsia .... 

0.20 

Potash ..... 

10.2(j 

Soda ..... 

0.92 

Chloride of sodium 

0.54 

Sul|ihuric acid .... 

0.22 

Carbonic acid and loss . 

4.71 

Insoluble in water, 72.45 iier cent : - 

Soluble silica .... 

17.31 

Inscdiiblo silicioiis matter 

10.04 

0.\idc of iron and alumina with i)ho.sphatef 

8.47 

(Containing jdiosphoric, acid, 3.18 per cent.) 

(Enual to bone-earth, 0.88 i)er cent.) 

Lime ..... 

20.21 

Magnesia .... 

2.50 

Potash ..... 

1.78 

Soda ..... 

0.38 

Sulphuric acid .... 

1.27 

Carbonic acid and loss . 

10.10 


100.00 

Compo.siiion of rotten dung, si.K months old, is us 

follows : — 

^ Water ..... 

75.42 

* Soluble organic matter . 

3.71 

Soluble inorganic matter 

1.47 

t Insoluble organic matter 

12.82 

Imsoluble inorganic matter 

0.58 


100.00 

"" Containing nitrogen 

.297 

Kqual to ammonia 

.360 

+ Containing nitrogen 

.309 

lilqual to ammonia 

.375 

Total amount of nitrogen 

.000 

Equal to ammonia 

.735 

Ammonia in a volatile state . 

.046 

Ammonia in form of salts 

.057 
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Composition of the wliolc asli : — 


Soluble, in water, 18.27 per cent ; — 


Soluldc. .silica .... 

3.U5 

Phosphati! of lime 

4.75 

I/iinc ..... 

1.44 

]\la;^ne,sia ... 

0.59 

Potash ..... 

5.58 

Soda ..... 

0.29 

Chloride of sodium 

0.4G 

Suljdiuric acid .... 

0.72 

Carbonic acid and loss . 

1.28 

Insoluble in water, 81.73 per cent:— 

Soluble si^ea .... 

17.69 

Insoluble silica .... 

12.54 

Phosphate of lime 


O.xidc.s of iron alumina with phosphates 

11.76 

(('ontainiii;.( ])hosphoric. acid, 3. 10 per 
(Equal to bone-earth, 7.30 per cent.) 

cent.) 


Lime .... 

20.70 

Ma).(ncsia 

1.17 

Potash .... 

0.56 

Soda .... 

0.47 

Chloride of .sodium 


Sulphuric acid . 

0.79 

Carbonic acid and lo.s.s . 

16.05 


100.00 


NOTK XIII. (p. 203). 

COMI’.MIISUN Of FllKSll AND llOTTiiN MaNURE (WOLff). 


Fresh. Moderately roll ch. 
(Taking the quantity of dry mat- 
tor as the same.) 


Dry matter 

25.00 

25.00 

Ash 

3.81 

4.76 

Nitrogen . 

0.39 

0.49 

Potsnsh 

0.45 

0.56 

Lime 

0.49 

0.61 

Magnesia 

0.12 

0.15 

Pho.sphoric acid 

0.18 

0.23 

Sulphuric acid . 

0.10 

0.13 

Silica 

0.86 

1.08 
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NOTE XIV. (p. 263). 

Lord Kinnaird’s Experiments.^ 

“ Lord KiniKiird has givpii the particulars of a very care- 
ful experiiiieiit. lie tried to test the comparative value of 
manure kept in an open court with that kept under cover. 
He selected the same; kind of cattle, jfave them the same 
kind and rpiantity of food, and bedded them with the same 
kind of straw. A lield of 20 acres of uniform land was 
selected. This having Iteen eipially divided, 2 acres out of 
ea(!h 10 gave the following results: — 

rotaloca (jroivn with Uncovered Manure. 

Toiih. cwt. lb. 

first measureincnt — 1 aero produced .7 6 8 

Second do. do. do, . 7 18 UU 

Potaloca grown with Covered, Manure.. 

First measurement — 1 acre produced , 11 17 TjO 

Second do. do. do. .11 12 26 

This shows an increase of about 1 tons of potatoes per 
acre with the covered manure. 

“ The next year the weather was wet, grain soft and not 
in very good order, but the following was the amount of 
produce ; — 


Wheat grovm with Uncovered Manure. 



ProiUice in grain. 

Weight per 
busliel. 

Pioducc In Btraw. 

Acre. 

bushels. 

lb. 

lb. 

stones. 

lb. 

First 

41 

19 


152 of 

22 

Second . 

42 

38 


160 of 

22 


Wheat grown with Covered Manure, 


First 

53 

5 

61 

220 of 

22 

Second , 

53 

47 

61 

210 of 

22” 


^ Scott’s ‘ Manures and Manuring,’ p. 19. 


T 
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NOTE XV. (pp. 231, 2G4). 

DllAlNlN(iS OF MaNUIIE-JIKAI’8. 

Tlic inij)Oi‘tanocj of not separating tlie licpiid portion 
from tlic solid portion lias already Leon ])ointed out in 
dealing with tho composition of the solid excreta and tlic 
urine. These two constituents of the manure are comple- 
mentary to one anotlu'r, and the valm*. of farmyard manure 
as a general manure, is very much im[)aired il the liijuid 
portion is not a])])lied along with the solid. In one im- 
portant lesjx'ct do the drainings of manure-heaps diller from 
urine — that is, in^'he percentage of phosphates they contain, 
the latter being practically de.void of phosphoric acad. 

The following is an analysis of drainings from a manunn 
hea[) ('WollV) : — 


Dry substance . 

18.0 

]\lagne.si:i . 

0.1 

Ash 

10.7 

Fhosiihorlc- (tcld 

0.1 

Nitrogen . 

l..^» 

Sidpliuric acid . 

0.7 

I’otash 

4.9 

Silica 

0.2 

Lime 

0.3 




NOTE XVI. (p. 27t)). 


Amounts of Potash and Puosphoiuo Acid removed ry thu 


Fo L no w I N 0 Rotation s 

FROM A Prussian Moroen (.631 

Acre). 


Phasiilioi'ic acid. 

Pottisli. 


lb. 

lb. 

1. Wheat . 

16.40 

10.67 

Oats 

10.47 

4.59 

Potatoes 

66.41 

18.33 

Hay 

39.54 

11.32 


132,82 

44.91 

The ratio of potash to 

1 pho.sphoric acid is 

2.96 to l.~ 

2. Wheat . 

16.90 

10.67 

barley . 

17.44 

10.65 

Potatoe.s 

66.11 

18.33 

Hay . . . 

39.54 

11.32 


140.29 

50.97 


Tho ratio of potash to phosphoric acid is 2.76 to 1. 
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Potash. 

Pliosjdioric 


Ih. 

Ih. 

Ryu 

20.03 

12.15 

Oats 

10.07 

4.50 

Potatoes 

(JO. 41 

18.33 

Hay 

30. .51 

11.32 


130.05 

40.30 

The r.llin ol’ pot.'lsh tn 

phosjilioric acid is 

2.05 lo 1. 

VTieat . 

10.00 

10.07 

Oats 

10.07 

4.50 

Maii'M'ls. 

MS. 51 

25.02 

Hay . . . 

3!'. 51 

11.32 


215.05 

52.20 


The ratio of jtotasli to plio.sphoric acid is l.ld to 1. 


Hyc . . . 

20.03 

1 2. 1 5 

Parley . 

17.44 

10.05 

iMantteds. 

118.51 

25.02 

Hay 

30.51 

11.32 


225.55 

50.74 


Thu ratio of potash to ]»hosplioric acid is :j.78 to 1. 


NOTIC XVII. (pp. 25:5, 254). 


Composition of Faumyaiid Manure (Fre.sii), 
(calculated Fy Sir John Lawe.s). 


Total dry 
matter. 

iVr cunt . 30.0 

I’ur ton (ill lb.) 07.2 


Total mineral 
matter. 


2.77 

02.0 


I'liosplioric aci<i 
calculated .as 
idiospli.ate of 
lime. 


Potash. 


.50 .r>3 

11.1 12.0 


Nitro^'cii. 


.04 

14.3 


NOTE XVII 1. (p. 232). 

The Urine. 

An important cm inside ration wc; have omitted to take 
not(! of in the text is the quantity of the urine voided. It 
is this consideration that rendtu’s the urine .so much more 
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valuable tlian the solid excreta. In the case, of a man it 
lias been e,stiinat(Hl that the urine voided is fifteen times 
as niucli, is twelve tiiiK^s as rich in nitrogen, three times 
in potash, and two in phosphoric acid, as the. solid excreta 
(IVIunro). Th(! n'lation of solid matter in tlui case of tin; 
farm animals is not exactly similar. Th(‘, urine of tlu^ ox is 
al)Out twic(^ the weight of its solid excri'ta. lloth the horse 
and the sheep, howiiver, void as a rule more solid (excreta 
than urine. ^Iiinro, in his work on ‘Soils and Manur(‘s,’ 
(uuitrasts the composition of the urine and solid excreta of 
the dilleient farm animals by the following statement : — 


Cow 

IIoisu 

Sheep 


1 km of uriiio contains 
in lb. : 


1 ton of solid excreta 
contains in lb. : 


Nitrogen. Pota.sb. Nitrogen. 

30 20 9 

3(5 22 12 

38 30 16 
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Luportancr iv Agricnllvrc. 

In tlu‘ consideration of (trlijiclfd inanures, L^uano de- 
serves first place. This it does mainly on his- 
torical j^Tonnds, as it is now largely a manure of the 
])ast. Not merely has it been used in agriculture to 
an extent to which no other artificial manure has as 
yet ever approximated, but its influence on agricul- 
tural practice has heen enormous. Introduced into 
this country about the middle of the present century, 
it was the first of artificial manures to be used in large 
quantities.^ It may b(» thus described as having in- 
troduced the modern .system of intensive cultivation, 
and given rise to the now almost universal practice of 
artificial manuring. 

' Bones, it is true, were in use long before guano ; but popular as 
the)’ deservedly were, they had not been used, at the tiino of the im- 
portation of guano, to any very considerable extent. 
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hijlumcc on British Farming. 

It is, indeed, dillieult to ov(‘r-esliniiite tlie important 
iidluence whicli the iiitrodnction of tliis .inost valuable 
fertiliser has exercised on Th-itisli as well as, to a lari^e 
extent, on hairop(\an liushandiy. llefore its introduc- 
tion tlui fanner was almost completely dependent on 
his farmyard manure, lie was tied down to a great 
extent, by the exigencies of the tlien ])revailing agri- 
cultural customs, to certain rotations of crops. JT(^ 
could do little in the way of (mricliing barren soils 
or of ensuring a heavy yield of crop. l>y tlie use of 
this vm'y potent fertilisei*, he. quickly discovered that 
the most wonderful results (msued — results whicli 
must hav(^ siHumHl to him at lirst little short of mir- 
aculous. Tie found that by the a})] )li cation of a few 
hundredweights per acre, poor soils could b(i made 
to yield large returns, and that barren |)atches in a 
field could be brought ii}) to the average of the sur- 
rounding |)ortions by sprinkling merely a few hand- 
fuls of it ; tliat by its im'ans a good start could be 
ensured to every crop, and one slow of coming away 
could be hastened on. In short, in this wonderful 
brown powder, with such a characteristic odour, tlie 
astonished farmer discovered a manure which, for the 
speed of its action, and for the increase of crop it gave, 
completely threw into the shade both farmyard manure 
and bones. What wonder, tlien, that its fame as a man- 
ure should have become so quickly known and its use 
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SO extensive ! It thus <i;ave a most powerful im[)etus to 
intelligent farming by l)ringing liome to tlic miiuls of 
tliose wlio used it the important position nitrogen and 
])liospliates occupied as constituents of tlie soil, and tlie 
intlucnce they exercised on plant-growth. Tt furnislied, 
in fact, on an enormously large scale, a |)ractieal dem- 
onstration of the principh'.s of manuring. Ihe edu- 
cational value which the use of guano thus exercised 
may he said to hav(j heiui very great. It also led tlu' 
way to the use of tlu'. various artilicial manures so 
much used during the last lifty years. Impressed hy 
(lie value of guano, farmers were favourably disposed 
towards tlu^ use of other fertilisers; and, largu^ly owing 
to its widespread popularity, the new practice speedily 
gained ground. 

Injlnencc not irhollif for (toad. 
lint its intlucnce, it must he admitted, was not 
wholly for good. In its very po])ularity lay the danger 
of its al)usc. Had its value and the method of its 
action been more widely understood, and had the prin- 
ciples upon which tlie practice of artificial manuring 
depends been better realised, agriculturists would have 
been spared much of the needless pecuniary losses 
they sustained hy being imposed upon by unscrupu- 
lous manure-dealers. Among the farming community 
the word guano soon became a name to conjure with, 
and under this title many spurious and worthless 
manures wore attempted to be palmed of! on the im- 
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wary farmar. Even the j^eniiinc article, there can bo 
little doubt, was at one time largely adulterated; and 
as the farmer was almost invariably content to pur- 
cliase the article not on any guaranteed chemical 
analysis, but simply on tlie ground of its appearance, 
colour, and more especially smell, every facility was 
given for the successful perpetration of such fraudulent 
imposition. Guano, it was very soon found, varied in 
its composition, hut this variation in quality the farmer 
did not recognise. In the early days of its use all 
guano was in his eyes of the sanui value. Too often, 
as we have just pointed out, provided it liad a good 
colour and a strong odour, it was all riglit. Under 
sucli conditions, it can scarcely be wondered at tliat 
its introduction should haVe ])roved not <‘in unmixed 
blessing to agricailture. 

I/s Value as c. Manure, 

Guano derives its value as a manure from the nitro- 
gen, phosphates, and the small amount of potash it 
contains. This at any rate is true of the great bulk 
of guano which lias been used in tlie past. There are, 
as we sliall immediately see, certain kinds of guano, 
known as phospliatic guanos, which only con tain 
phosphates. The amount of such purely phospliatic 
guano directly used as a manure in this country is, 
however, inconsiderahhi, and guano may truly be de- 
scribed as owing its value chiefly to its nitrogen. Not 
a little of its value and popularity as a manure may 
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1)6 said to be due to tlie fact that it contains all of the 
tliree important mannrial constituents, and that in this 
respect it may be regardcul in a sense as a f/eneral 
manure, thus resembling most nearly, of all artificial 
manures, farmyard mannn;. AUliongb its sources are 
now, to a very large extent, exhausted, and its total 
nnnual imports into this country are at present con- 
siderably less than what tliey were thirty or forty 
years ago,^ it may be well, on account of its historical 
importance, to give a somewhat detailed account of its 
origin, occurrence, and value as a manure. 

Orirfin and (kcurrcnrc. 

(luano (wliicli nu'aiis diou /) — or Imano, as it is 
s|)elt in tlie S|)anisb language— was first used in rcru. 
It seems to have been used there long hcdore that 
conntry was discovered by the Spaniards — probably 
as early as the twelfth century. Ttegarding its origin 
there can he litth; doubt. Tt is almost entirely derived 
fi’oni the excrements of sea-birds, such as pelicans, 
penguins, and gulls, as well as from the remains of the 
i>irds themselves, and of seals, walruses, and various 
<^'ther animals. “ Under the intluencc of a tropical 

’ The total aiimial imports at iiresent may ho at under 

•'0,000 tons, whereas in 185.5 they amounted to over 200,000 tons, 
statistics on this point the reader is referred to tl»e Appendix, 
I., p. 327. 

ith regard to tlio origin of certain guano deposits, which are of 
''■ry recent date— c.^., Angamon and /cAaftoc— there can he no doubt 
'vliatever, because we can witness the process of formation still taking 
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sun, and in a rogion in which rain scarcely cv('r 
thlls, tliesc cxcrcnionts arc soon dried, and romaiii 
litUc changed in tlicir composition through centuries. 
Many of the reruvian deposits must he extremely 
old, as they arc* cover(Ml up with sand and otlu'r 
debris, and are of consideralih? de])th. hlspecially is 
this the. case with deposits occurring on the main- 
land, su(di as thos(; at Paludlon de Pica, where the 
layer of sand or conglonKU'ate covering ii]) tlu' 
deposit varies in depth from a. few fei't to over a 
hundred. The criect of this su|)erficial covering has 
IxHui to protect the guano, to a certain e.\tcnt, from 
loss of nitrogen. 

Altliough gua.no of tlu*. host class has Ixjen (hu'ivi'd 
from tlui neighbourhood of Peiai, deposits have .also 
heem found in many other parts of tlie. world — viz., in 
North America, AVc'st Indies, Australia, Asia, Afimai, 
and among the islands of the Pacihc.h 

plaoo. It is not so, however, with ro^Miul to older deposits, fei' 
which some liiive heem inclined to claim mineral ori^dn. The he.a 
proof that such depo.sits owe their ori<fin nuiinly to bird cxcreniciit-i 
i.s the comparatively hir;;e ([uantity of uri(' acid tliey contain. 0” 
the other hand, the evhhmee in .support of the belief that they are 
also formed from the remain.s of the birds themselves and other 
animals, is to he found in the larj^o proportion of phosphates they 
contain, and the j)rcscnce in the deposits of feathers and the fossilised 
.skeletons of the animals above mentioned. 

^ A complete list of the various depo.sits will he found in the 
Appendix, Note II., p. 3*27. It may he noticed that nearly all the 
deposits lie within 10" to 20" north and .south of the Ihpiator. 
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Viination in tJir Coniposif.um of (Hjjemi I Oioinos. 

Tlie foimd in these (linbrent (le])osits vnries 

voiT considerably in compositi«)n. This is dm? to the 
li(r(Tenc(' in tlie nature of tin' ])rcvailiin;' c.liniate of 
Lli(‘, plac('S where, tliese deposits oeenr. Wliei'(‘ th(‘ 
i liiiiate is dry and warm, as is tlie (*ase in Cliili and 
iVru, the excniimmts dry qniekly and rmnain very 
little changed, as one very important condition of 
[(‘I'liKMitation — viz., moisture — is ahsent.^ in a damp 
I'liiuate, on the other liand, spctMly hn-inentation mi- 
^lU's, resulting in the loss of nearly all the organic 
nialler, including nitrogmi, in such volatih' forms as 
'■Mi'honate of ammonia, carhonii; aciil gas, watm', i^'c. 
The solnhle alkalies, th(' most imjiortant of whidi is 
I'otash, as wdl as the solnhle phosplaites, an' also, 
"lah'r such conditions, lost to the guano hy being 
?vaslied out hy the rain. We have thus a wid(‘ difier- 
riKA' in the quality of the dilferent deposits, depending 
"H the extent to which decomposition has taken place, 
loiano thus ranges from the rich nitrogenous Peruvian 
hind, which has undergone little or no change from 
die time of its deposit, to the purely phosphatic kind 
(i^cch as those of Malden and Ikiker islands), in which 
*'Verything of manurial value has been lost except 
die insoluble phosphate of lime. Evmi among the 
’iitrogenous guanos we find a considerable difference 
quality, some deposits being partially impoverished 


Sec Chapter on rarniyartl Manure, p. 257. 
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by tlio action of tlui atmos])lieric moisture, dew, spray, 
or .sca-water, but still contain iiyt^ a considerable pro- 
portion of their nitrogen. Otla'r deposits, again, arc 
largely admixed with sand, which has been blown in 
upon them to such an extent as to make them iin- 
sah'able. We can divide gnano, therefore, into two 
gr('at class('s — viz., tiitrof/ciioKs ami phot^phaliv. 

T. — N ri'K’OGKNOdiS ( lUANOS. 

{(() Pekuviax. 

Py far the most valuable and abundant deposits as 
yet discovered have been those on the Pin’iivian ami 
(diilian coasts. As already pointed out, guano s(iems 
to have been used in this country from a vmy (Nirly 
period ; and so im])ressed were the Tneas with its 
importance as a, manure, that the ])enalty of death 
was imposed on any one guilty of killing the sea- 
fowl during the bi'ceding season in the vicinity ot 
the d('])Osits. 

The occurrence of guano in r(U’u seems first to have 
been made known in Europe in the beginning of the 
eighteenth century. It was not, however, till tin* be- 
ginning of the ])resent century — viz., 1<S04 — that A. 
Humboldt, the gnmit CJerman traveller, brought some 
of the wonderful fertiliser home with him, and that 
its composition was able to be investigated by chcinieal 
analysis. Shortly afterwards, its practical value was 
demonstraled by experiments carri('d out on potatoes 
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1))' (ieiieral Beatson in St Helena, To Lord Derliy is 
due the credit of liaving first introduced it into this 
cniintry, the earliest iniportati<ni into Liverpool being 
ill 1840. Experiments were sliortly afterwards iiisti- 
liited in dillerent parts of the country, prominent 
iiiiioiig wliicli were those by Sir Jolm Lawes and Sir 
-lames ('aird ; and so striking were the results obtained, 
that the manure rapklly found favour with the farm- 
ing community — so much so, that ten years later the 
importations into this country amounted to no less than 
30(.),000 tons, while in 1855 the total exports from the 
west coast of South America reached the enormous 
uuioimt of 400,000 tons. In all, it has been estimated 
that since the year 1840 over 5,000,000 tons of l\;r- 
uviaii guano have been imported into this country. 

DiJ/erctit Deposit s. 

I’eruviaii guano lias beem derived from various de- 
posits occurring in diflerent parts of the coast, and 
fi’om a number of small adjacent islands. The richest 
ol these was that found on Anganios, a rocky promon- 
tory oil the coast of Bolivia. S aniplcs of this guano 
contained as high as 20 per cent of nitrogen (equal 
to 24 per cent ammonia).^ Unfortunately, however, 
the quantity of this deposit was extremely limited, 
'^Jtd became rapidly exhausted. Next to this dc- 

’ According to Ne.sbit, some of the cargoe.s of this guano contained 
h;ird saline lumps of very little niaiiuriiil value — over 50 per ceut 
common salt. 
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posit ill cpiality was the guano found on the Ciiinclia 
islands, three little islands off the coast of JVuu. 
TJiese deposits were the largest which have ovci' 
been discovered, and for a period of nearly thirty 
years were almost the sctle source of the reruviaii 
guano sold in commerce, over 10,000,000 tons luiv- 
ing been exported from tliem alone. Some of this 
guano cuntaiiKHl 14 per cent of nitrogen (e(|ual tn 
17 per (amt ammonia); and allhough part of llic 
guano si lipped Irom these islands was not (piite so 
rich, yet it was all of a liigh-class order. The de- 
posits on these islands were in many cases JOO to 
200 feet in depth, and rested on rocks of granite. 
The lower layers were consecpiently found to be 
poorer in cjuality, and mixed with pieces of granite. 
The Chiiicha island depo.sits lia\e been long ex- 
haustcd,^ and the chief dc'posits of Peruvian guano 
since workci.1 have been tliose on (luanape and Macabi 
islands — a considerably inferior guano, containing only 
9 to 11 per cent of nitrogen (equal to 11 to 13 per 
cent of ammonia) — which in their turn have become 
exhausted ; from Pallestas, almost as rich as tlie 
Chincha island guano, also now exhausted ; and from 
Pabellon de Pica, Punta de Lobixs, Huanillos, Inde- 
pendence Pay, and Lobos de Afuera. Quite recently 
a deposit of very high-class guano was discovered in 
Corcovado, and a good many cargoes have already 
been shipped to this country. It is found to contain 
^ The salt exports were made iu 1868. 
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iiilrogcn equal to from 10 to 13 per eeiit ammonia, 
30 to 35 per cent phospliatCvS, and some pottish, being 
thus a most valuable guano. 

A'ppi'avi filer, Colour, und Noiurr. 

In colour it varies from a very light to a very dark 
brown, the riclier samples lieing generally lighter. 
Samples taken from even tlu'. same deposit liavc^ been 
found to diCier very (‘onsiderably in ap])earanee, tliose 
taken from the lower and older layers being usually 
darker than those takim from the more recent upi)er 
layers. It was soon found also to vary V(!ry luuch in 
com])ositioii. After a deposit had be{m worked for 
some time, the (piality of guano it yielded was found 
to bo inferior and coarser, and in many cases mixed 
with pebbles or pieces of granite, por])hyry, Ac. This 
led to the custom of screening it on arrival in this 
'■uuiitry, ' before it was used as a manure.. In the 
I'icdier qualities — eup, in the (Jhincha guano — little 
found concretionary nodules, varying in colour from 
pure white to dark brown, were occasionally found. 
Analysis showed these nodules ^ to be composed chiclly 
of potash salts. Sometimes, also, little crystals of al- 
niost pure ammonia salts were found. It soon became 
oustomary, therefore, to prepare gua.no for the market 
I'y j^eparating the stones and reducing the whole to a 
kue uniform powder. One of its most characteristic 

For aiialj’ses of these nodules and crystals, see Appendix, Note 
hl| p. 328. 
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propertiea, and the oiio which seems to have impressed 
the public most, was its pungent odour. Undue im- 
portiinco was attached to this property, in the belief 
that it was caused hy the ammonia it contiuned. It 
may he doubted, however, whether the eharaeteristie 
smell of guano is due so iiiucli to its ammonia as to 
certain fatty acids. 


Coiivposition. 

In composition it is of a most complex nature. It 
contains its nitrogen in a great variety of forms, the 
chief of these being urate, oxalat(!, ulmate, huniate, 
sulpliate, phosphate, carbonate, and muriate of aiii- 
monia; and also in a rare form of organic nitrogen 
peculiar to guano, called guanine. According to 
Iloussingault, some guanos contain small quantities 
of nitrates. Its phosphoric acid is present both in 
the soluble state — viz., as phosphates of the alkalies 
(ammonia and i)otash) — and in the insoluble state as 
phosphate of lime; and lastly, its potash is present 
as sulphate and phosphate. The proportion in which 
these dilTerent forms of nitrogen and phosphoric aciil 
are present varies considerably in different samples. 
The richer a sample, as a rule, the more nitrogen in 
the form of uric acid it contains. The most of the 
nitrogen is present as uric acid and ammonia. Damp 
guanos contain more of their nitrogen as ammonia 
than dry ones, this being due to the fermentation 
which goes on in the former. On an average, about 
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a third of its total nitrogen is soluble in water. Of 
its phosphates, on the other hand, only about a fourth 
are soluble in water. 

The following analyses of a sample of Chincha 
island guano by Karnirodt^ will illustrate tins. 
(Sample dried at 21T Fahr.): — 


1. Comtitueiits easily soluble in IFater. 


brute of aiiiinoiiiiirii 

12.74 

Oxiilute of uiuiuoniuiu 

13.00 

Nitrogenous and sulphurous organic substances 

3.01 

Aiiiiuoniutn-magnesium phosphate . 

4.00 

Auunoniuni phospliate 

.!)0 

Animonium sulphate 

1.82 

Aiimioniuin chloride 

1.55 

Potassium sulphate 

3.30 

Sodium chloride 

2.44 


43.1)6 

2. JHjjicidthj soluble in IVafcr^ soluble in Acids^ 

Alcohol^ and Kthcr. 


Uric acid 

21.14 

Itesin 

1.11 

Fatty acids 

1.00 

Nitrogenous and sulphurous organic substances 

2.29 

Calcium phosphate 

18.22 

Phosphate of iron 

1.04 

Silica 

.64 


46.04 

Ill the above analysis it will be noticed that none 

^f the amnionia is present as carbonate. 

In most 

samples, however, of Peruvian guano, the ammonia in 


^ See Ileiden, vol. ii. i*. 356. 
U 
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this form amounted to from 1 to 2 per cent. Tii tlic 
inferior qualities, chielly those whicli had been siih- 
jcctcd to the action of water, and consequently of 
fermentation, to a certain extent, this form of am- 
monia was found to be most abundant. Sucli guanos 
were most liable to loss of nitrogen by volatilisation. 

The older reruvian guano contained as high as 14 
per cent of nitrogen (equal to 17 per cent of ammonia), 
and of ])hos[)horic acid 12 to 14 ])er cent (equal to 20 
to 28 per cent of phospliate of lime). It, however, 
gradually deteriorated in ([unlity as the deposits be- 
came worked out, the percentage of nitrogen becom- 
ing year by year less, until latterly reruvian guano, 
as imported, contains only from 3 to 4 per cent of 
nitrogen (equal to 4 to 5 per cent of ammonia). 
This guano is, however, richer in phosjjhates, con- 
taining often 50 to GO per cent of phosphate of lime, 
and 3 to 4 per cent of potash.^ 

( 1 )) Other Nitrogenous Guanos. 

The guanos, other than those which come from 
Peru, are chiefly purely phosphatic guanos, so that 
the term reruvian has not unfrcqnently in the past 
been used as a generic term synonymous with tlie 
term nitrogenous, and consequently at)plied to all 
nitrogenous guanos independent of their soiirci’. 
There are, however, a few deposits other than tla‘ 


^ See Appendix, Note? IV., p. 329. 
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rcriiviau wliicli liave yielded considerable quantities 
of valuable nitrogenous guano. Of those, the richest 
ill quality— ill fact, tlic richest of uiiy de[) 0 .sits hitherto 
iliscovered — was the Aiiganios guano, wliicli came from 
a rocky pronifuitory on the coast of Bolivia. The few 
samjdes of this whi(‘h liave heen analysed showed over 
20 per cent of nitrogen. Unfortunately, the deposit 
proved to be comparatively insignilicant in amount, 
and has long been exhausted. 

Boonu' ill ([uality, but more abundant in (piantity, 
were the deposits found on the Tchahoe and other 
islands off the south-west coast of Africa. These 
ileposits were discovered shortly after the introduc- 
tion of Beruvian guano, and for a few years supplied 
considerable quantities of valuable manure. The de- 
po.sits first discovered were soon exhausted, so tliat 
for a number of years Ichaboc guano ceased to be 
procurable. Fresh de|)osits, liowever, were subse- 
quently found, and considerable ([uantities have of 
late years been used in agricailture.^ Ichaboe guano 
is inferior in value to Beruvian. It exemplifies the 
iutlucnce of small quantities of rain on guano deposits 
m impoverishing them in their nitrogen. In mucli 
*'f the Ichaboe guano imported into this country a 
large aniount of feathers is found. It also contains 
au abnormally large quantity of insoluble matter. 

Among the other nitrogenous guanos may he men- 

* The Ichaboe guano at present exported is a fresh deposit, and is 
^aiiuially collected for shipment. 
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tioiicd tlic ratagoiiiaii, Falkland, and Saldanlia Hay. 
They are, like the Icliaboe, of comparatively recent 
origin, and are collect(Ml in small (piantities after the 
breeding season every year. 


1 1 . — r I lOS IM I ATIC (I U AXOS. 

riiosphatic guanos, as already pointed out, are 
similar in origin to nitrogenous guanos. In their 
case, liovvever, tlie nitrogen, alkalies, and soluble 
phos})hates whicli tliey originally contained have been 
almost entirely lost l.)y tlui decomposition of their 
organic matter and tlie action of water.^ Most ol 
them still contain very small (piantities of nitrogen, 
amounting to a fraction of a ])er cent. Of these 
deposits there are very many occurring on islands in 
dirtereiit parts of the world. In appearance the guano 
obtained from tliem is very dillerent from nitrogen- 
ous guano, being much lighter in colour, and of 
line powdery mitiire. It forms a very rich phos- 
phatic guano, containing in many cases between 70 
and 80 per cent of insoluble jihosphate of lime. Sucli 
guanos are largely used in the manufacture of high- 
class super])liosphatcs, by treating them with sulphuric 

^ Further chemical changes liave occurred in certain cases between 
the ^uaiio and the limestone rock beneath, resulting in the formation 
of what is called a “cru.st” guano. Such guanos form a soft plios- 
phatic rock, and are extremely rich in phosphates. As examples ot 
these “crust” guanos may he mentioned Sombrero, Ciirayao, Aruba. 
^Mexico, and Navassa phosphates. 
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acid. Being of an insolnlde nature, tliey are not very 
suitable for direct application to the soil. Of these 
pliospliatic guanos the following are the cliief — those 
marked in italics being still nnexhansted : — 

1. Baker, Jarvis, ITowland, Starhnek, Flint, Knder- 
hurj/, Malden, Lnce])edc, Jyrowse, Hnon, Che.dnjield, 
Siidnejf, Bkomx, jirhrohlos. Shark's Jiaj/, and Timor 
—all found on islands in tlui racili(‘ Oc(‘an. 

2. MejiUones, on the coast of Bolivia. 

3. Aves, Tortola, Mona, and other deposits in the 
West Indies. 

4. Kuria Maria islands, in tlu', Arabian Gulf. 

For further particulars as to the composition of 
these; different guanos, the reader is relerred to the 
Ap])endix, Note Y., p. 329. 

huquality in Coniposifion. 

That guano was a substance of by no means uniform 
composition was a fact early recognised in the; history 
ef the trade. Not only did guano from different de- 
posits show on analysis different percentages of the 
laanurial ingredients, but different samples of guano 
d'om the same deposit were often found to differ very 
considerably from one another. It soon bcc.amo the 
custom, therefore, to sell it on chemical analysis, each 
separate cargo being carefully analysed. But this 
custom did not wholly obviate the difficulty, as the 
guano in even one cargo might diffim. In the case of 
fhc older and richer guanos, there was certainly more 
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uniformity in quality, but tbey woro liable to differ in 
their perecmtagi^ of nitrog(uid As, liovvever, the de- 
posits b(‘cnme gradu.ally worked out, their lower layers 
weiHi found more or less largely admixed with stony 
and earthy matter, and tlieir eom])osition was natu- 
rally rend(‘red very vai ialde. This state of matti'rs was 
unsatisfactory to buyers and selkn-s, and led to mucli 
friction between the two, as it was found wellnigh im- 
possible on the part of tlu'. selhu- to guarantees the com- 
position of his manure. Tins custom of prejsaring the 
material by reducing it to a line powder hed’ore seiid- 
iug it into th(‘ market, and the custom, subsequently 
introduced, of treaiting it with sulphuric acid, have- 
done away with this dilliculty to a larges extent. 

“ IHssolccd ” (Uiano. 

The treatmemt of guane) with sedphuric acid was 
first had recourse‘ to in the' case of carge)e's damage'd 
with water. In such guano, as has been already 
pesinted out, fermesutatiejii has been permitted to take' 
place, with the result of the iormation of volatile car- 
bonate of ammonia in greater e)r less quantity, by 
the addith)!! of sulphuric aciel the ammonia was fixoel, 
and the guano was prevented from losing its most 
valuable constituent. It was soon found, however, 
that guano se) treatcel pe)ssessed greater activity 
a manure. The result e)f the suljdiurie aciel was to 

^ The presence in the old Peruvian guano of concretionary nodules 
has already been referred to. 
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increase very materially the amoiuit of its soluble 
jiliospbatcs, and also its soluble nitrogen compounds^ 
It bad, moreover, tlui ellect of producing a guano of 
uniform composition. The 'custom, first introduced in 
1<SG4 by Messrs OhlendorlV v.'(: (/o,, was soon largely 
liractised. The guano is treated with 25 to 30 per 
c(uit sulphuric acid (sp. gr. 1.73). After a sliort time 
tlu^ resulting Inird mass is, by means of disintegnitors, 
reduced to a uniform powd(U'. 

I iscd” or Jd etiJUdd' Uuano. 

iVs guano decreased in its quality tlui demand for a 
high-class article becanu'. more and more (.lillicrdt to 
meet. This led to the custom of “ fortifying ” or “ rec- 
tifying” — as it is variously called — the natural ma- 
terial with sulphate of ammonia. A manure closely 
I'cseinbling in tlic ])ercentag(! of its manurial constit- 
uents the older rich guanos is thus obtained. Of 
the.se so-called “equalised” guanos, two ([ualities are 
at ])reseut sold, the first being guaranteed to contain 
nitrogen equal to <S to 0 per cent ammonia, 30 to 35 
per cent phosphates, and 2 to 3 per cent of potash ; 
the second quality containing only about half as much 
nitrogen, but more phosphates. 

However valuable this fortified guano may Ire — and 
is, undoubtedly, a most valuable manure — its action 
cannot be supposed to be exactly .similar to the old 

According to Vogel the nitrogen a.s ur.atos is converted l)y the 
•'^'ilplinrie acid into ammonia salts. 



312 


GUANO. 


reriiviaii guano, wliicli it resembles in the percentngo 
of its nitrogen, pliospliates, and ])otasln Much of tlu' 
distinctive value of guano as a manure, as will to 
pointed out immediately, ties in the fact that it con- 
tains its manurial ingredients in a variety of dilfer- 
ently solu1)le compounds, which arc gradually rendered 
available in the soil for the plant’s needs. This un- 
doubtedly is one of tlui reasons why tlu'. action of 
guano among manure's is (piite unique ; and there are 
oth(U‘ reasons which w(' ])robably do not clearly un- 
derstand. However skilfully the com})osition of tlie 
guano may be artili(dally simulatiid, it still remains 
an undoubted fact that the “ equalised ” guano is not 
exactly similar in its action to tlu^ genuine article. 
Nevertheless, that it is superior in its results to tlie 
poorer classes of guano at ])resent available, and to 
ordinary compound manures, there can be little doubt. 
A great iiK'.rit of the equalised guano is, however, that 
it is sold at a lower price than guano as imported ; and 
as the guano is sold on a guaranteed analysis, the prac- 
tice has done much to advance the true interests of 
agriculture. 

//s Action as a Mamcre, 

Next to farmyard manure, guano may be regarded 
as the most “general ” of all the (mmmonly used man- 
ures; for in addition to nitrogen, phosplioric acid, 
and potash, it contains nearly all the other plant 
ingredients, such as lime, magnesia, ikc. Its spc'cial 
value as a manure, however, does not merely consist 
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ill the amount of valnal)l (3 plant-food it contains. Like 
farmyard manure, it owes iinicli of its characteristic 
action to tlie state of tlie intimate mixture of its man- 
urial constituents, and also, as has already heen pointed 
out, to tlie fact that it contains those constituents in a 
L^reat variety of clienricnl forms, each of whicli differs 
ill its solul)ility, and conse([uently availaliility for tlu' 
])laiit’s needs. Take, for exam])le, the grixit number 
of different forms of nitro-^en it contains. Some are 
in the condition in wliich jdants can immediately ab- 
sorb lliem, while the rest arc in a scries of less and 
lass available forms, which, however, are gradually con- 
verted into available forms as the ]>lant reipiires them. 
hik(! farmyard manure, again, it may \w applied with 
iihnost e(]ually good results to all kinds of crops and 
on all kinds of soils. We have in giuino, in short, 
an admirable example of the value of a])])lying our 
nianiirial ingredients in different forms. That this 
is no mere theory is abundantly proved by the large 
miniber of different experiments which have in the 
past 1)0011 carried out witli guano, more especially 
the well-known experiments made by (Irouvcn, the 
Lerinaii chemist. In those well-known experiments, 
guano was tested against a large variety of differ- 
^'iit fertilisers, and the tests were so arranged that 
ni most cases the amounts of nitrogen, phosphoric 
'^‘-•id, and potash were the same in the other manures 
'iJ^cd. In short, these experiments provi' in a very 
•‘"1 riking manner that a manure artificially made up out 
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of most vahmbJo foiiiliscrs, such ns nitrate of S7)(l;i, 
siilpluitc of iunnioiiin, superphosphate, so as tn 
closely resemble in its eompositioii giuiiio, is by no 
ijicfiiis similai- in its el'lects to the genuine article. 
As in rarinyard mannre, so in guano: we must look 
to the com})h'.xity ol‘ tlui composition of both tlu'se 
fertilisers in order to fully estimate their woitli. 
There is in the action of both manures much iliiil 
wc', cannot explain, or ev(m, as yet, uiuhu’stand. The 
action of guano is mendy one of many problems in 
the science of manuring which illustrate how unsatis- 
factory, dcs|)ite the great amount of I’crseareh alri'ady 
carried out, is our knowledge of this most impoilant 
department of agricultured 

rroporfion of Jhiilisiiuj ComtitumU in Guano. 
(hiano must be I'cgarde.d as a nitrogenous and phos- 
])hatic manure, as the quantity of ])otash it generall} 
contains is small, in many soils, more especially 
in such a country as ►Scotland, this deficiency in 
potash is not of so much importance, as the value ot 
potash as an artificial manure is less than is the case 
witli the other two ingredients. Tn soils, however, lack- 
ing potash, guano ought to be supplemented with some 
potash manure. With regard to the nitrogen ami 
phosi)horic acid, wc may ask if these two constituents 
arc in the best proportions. This question does not 
admit of a direct answer. In the first place, the pro- 
^ See Appendix, Note VI. p. 330. 
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pdi'tion ill wliicli tliese two iiin;re(\knits are ])reseiit is 
\!irial)le. In the okl rich reruvian ‘guanos, as we 
have above sliowii, the nitrogen was more al)nndant 
than is tlie case at present. Sncli guanos, it was found, 
were l)esl su])pleincnfed witli pliospliatic maimre wlien 
ajplied to the Held. In tlu; “e(|ualiscd” and ‘dis- 
solved” guanos, which are now so largely sold, manu- 
j';i(‘tiirers attempt to adjust the pcu'ceiitage of nitrogen 
and ])hosphori(j acid to what is considenal tlu'. best 
])ro])ortion in most cases. As, however, w^e have again 
and again to point out, regard must be liail both to the 
soil and the crop in determining what is the best pi’o- 
|»oi'tion of tlie manurial ingredients in a mannn*. For 
{crcals it may* be well suppleinenteil by nitrogenous 
iiianures, while for roots it may he wadi supplemented 
by phosphatic manures. 

Mode of A lypUeati on. 

hike all manures, it is deairable to ap[)ly it in 
ns line a condition as possible, so as to ensure as 
tliorongh a mixture wdth the soil-particl(‘,s as prac- 
ticable. In order, furthermore, to prevent any risk of 
less through volatilisation of the ammonia, as well as 
to ensure (',ven distribution, it is best applied mixed 
with dry earth, ashes, sand, or some other substance, 
—not lime, however. The custom of applying along 
with the guano common salt, has beim proved hy 
numerous experiments to be highly bcneticial to the 
nctiou of the guano as a manure. The exact nature 
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of tlie action of salt as an adjunct to manures is a 
point which lias elicited much discussion. Its action 
is ])rol)ably to be as(n’i])cd to a. number of cjiuses. For 
one tiling, it probaldy acts as an antiseptic in retard- 
ing the hu'menlative action which has a tendency to 
go on so rapidly in such manures as guano. It furthoi' 
incn'ases the power of the mauure to attract moisture 
from the air — a most important property in the 
case of drought. Some experiments by Dr Voelcker 
illustrate this in a stidking manner. Two lots of 
guano — one pure and one mix(Ml with salt — were ex- 
posed to the action of the air for a month, and w('.ro 
then tesied as to the amount of wafer they con- 
tained, when it was found that the dot containing 
the salt had absorbisl 2 per cent more water than 
the othei’. 

Much stress has b(‘cn laid on the importaiu’e of 
having the guano buried a certain depth in the soil; 
and many (u\periniG^|p have been carried out to 
prove how much Iielter it acts when so applied. 
This is probably due to the ])revcntion of any loss 
of volatile ammonia, and the mixture of the manure 
with the soil-])articles before it comes in contact 
with the plant-roots. This last precaution is an 
important one, for it has been found that the raw 
material is apt to have a bad effect on the seed or 
the plant's roots. This has been found to be especially 
the case in regard to potatoes, the fpiality of which 
has been found to suffer when the guano is brought 
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into direct contact with tlio tubers. As ,^iiaiio is a 
iiiaiHire which is speedily available, it is desirabhi to 
a|i[)ly it as shortly before it is iXMpiircd by the plant 
as possibh'. It is therefore ^i>enerally best apjdied in 
s|)iin<^‘, shortly before seed-time, or indeed at the 
same time. Where farmyard manure is used, the 
euano has been recommended to be used as a top- 
dressing in small quantities. In the majority of cases 
it will b(‘, advisable, howcwer, not to ap])ly it as a 
tu|)-dressing, for the various reasons above-mentioned. 


QaantUy to he iiml. 

As io the (piantity to be used, this of course will 
dejiend on the soil, the crop, and the amount and 
nature of the other manures employed : 1 to 4 
'Avi. ])er acre have been the usual limits, Imt even 
laaivier dressings liave been commonly r(‘Sorte-d to, 
es[iecially in Scotland, where 6^8 or even 9 cwt. for 
turnips are often used. Sir J. 11. Lawes and Sir 
'lames Caird long ago, shortly after the introduction 
ef guano, estimated, from the experiments tlicy carried 
“nt, that the application of '2 cwt. per acre to the 
^vlleat crop gave an increase of 8 to 9 bushels in grain, 
‘^inl added a fourth to the (piantity of straw. Tlui 
leriner authority recoinmends 2 to 3 cwt. per acre for 
^vla^at, to be sown broadcast and harrowed into the 
land before sowing the seed. We have already stated 
l^lait it may be used in all soils and for all kinds of 
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crops. While this is so, it has been found to 
specially favourable results when ap])lied to the tiiriiiii 
crop, wlien it may be used in larger quantities tliaii in 
the case of cereals. When applied to the turnip cro]), 
it is well to use the more phosphatic guanos or to 
sup];)lement it with super])hosphates. V>y applying it 
in two lots, tlie larger portion before seed-time and the 
rest h('.tweeii tlie drills after the turnips are up, excel- 
lent results have been obtained. It lias also proved an 
admirable manure for mangels. On the whole, it gives 
best results on heavy soils and in a dampish climate. 


Adid/rrn/ hit of (f uano. 

rrobably no artificial manure has been subjecteil 
to greater adulteration in the past than guano. Tliis 
has been due to the fact that the practice of selling 
guano on analysi.s — especially among retail buyers"- 
did not largely obtai||^in the early years of the trade. 
A good deal of this adulteration was probably caused 
by ignorant prejudice on the part of the farnior, 
to whom tlie juingency of its smell and its coloiu' 
were too apt to lie ranked as its most important 
properties. The variation in the quality of difterent 
kinds of guano was too often not sulliciently realised 
by the buyer, who not unfre([ucntly was made to pay 
as high a price for guano of an inferior quality ns 
he ought to have paid for that of the best quality- 
Indeed no manure illustrates the importance of chcni- 
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ical aiinlysis more tliaii guano. Among the different 
funiis of adulteration practised may be mentioned 
llie addition of such suhstances as sawdust, rice-meal, 
(balk, sulphates of lime and magnesia, common salt, 
sand, earth, peat, ashes of various kinds, and water, 
'flien! can he no doubt, however, that such adul- 
tci’iition has now long (xaised to he practised to 
any extent. Nevertheless, it may he of use to draw 
atUnition to one or two of the tests l>y means of 
wliicli some of the conimoncr forms of adulteration 
may he detected. One or two are extremely easily 
detected— as, for example, adulteration with sand or 
itlliei' mineral substances. In such a case, the ])er- 
eentage of ash left on burning a snndl portion of 
the guano will be found to be excessive. Tlie per- 
centage of ash ill a sample of genuine Peruvian 
uuano should not exceed from 50 to GO per cent, 
dhe colour of the ash is *another important point, 
and may serve as a further iii^jpation of adulteration, 
hi the case of genuine guano, this should lie whitisli 
or greyisli. Iled-coloured ash generally points to the 
adulteration of tlie guano with some mineral sul)- 
^tance containing iron — such, c.y,, as Itedonda phos- 
phate, a mineral phosphate of iron and alumina. 

licu’e the ash is white, hut excessive in quantity, 
itdulteration with common salt, suljdiate of magnesia, 
Jt.yi*'^nm, or chalk, may be .suspected. The last-named 
substance is easily detected by treating it with any 
'jI the common acids, when bri.sk elfervescence, due 
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to tliG liberation of the car])oiiic acid, will ensue.’ 
A further point of importance with regard to tlu; 
ash is its solubility in water and in acids. A large 
insoluble residue may be taken as indicating adul- 
teration with sand. Adulteration with water is alse 
easily detected by luiatiiig ;i sami)le to the boiling 
temperature and determining the loss it sustains. 
Of course the amount of water varies in dilferent 
sani])les. The appijarance of the guano will serve 
fairly well to detect whether it is abnormally moist. 
It may be added, in conclusion, that Peruvian guano 
is extremely light; and while this by itself is not a 
sudicient test of genuineness, it may serve to coidirm 
other tests. 


1 1 1. — So-CALf.ED Guanos. 

Before concluding this' chapter, reference may bo 
made to certain niainj^'es which arc commonly known 
under the name of guanos — such tis “ lish-giiaiio, 
“ llesh-guano,” “ meat-meal-guano,” and “ bat-guano,’ — 
as well as to manures which may more conveniently 
be described here — viz., “ fowl and pigeon dung.” 

Fish- (r nano. 

The application of lish, not suited for other pur- 

^ It must be remembered, liowever, that even genuine guano eoii- 
tains a certain quantity of carbonate of lime, and will give a .sligld 
amount of etl'ervcsccnce when so treated. 
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|i()S(!s, to the liclds as a manure is a practice wliicli lias 
(ibtaiued in certain parts of tlie country for a number 
of years. In many districts on the sea-coast, when; 
lishiicj; is the chief industry, tlie only . way in the past 
nf disposing of a su])erahundant catcli of herrings, for 
example, has been to utilise them as a manure. From 
such a practice has sprung up what is now an import- 
aiil and ever-increasing trade — viz,, the manufacture 
of lisl 1 -guano, 

This manufacture was first started, and is still most 
largely practised, in Norway. The guano obtained 
^aries very considerably in (piality according to the 
nature of the process employed, and as to whether tlie 
guano is made from whole lish or merely from lish- 
'dfal. The latter source is tin* common one. The 
niamifaciure is carried on at the fish-curing stations, 
and tlie (luality of the guano made from this source 

somewhat dillerent from that made from whole 
lish, as a large proportion of#the fish-offal is made 
lip of bones and heads. Large rpiantities of Nor- 
^^egimi fish-guano arc exported to various parts of 
Luro|)(;. 

file best quality of this guano may contain as much 
as It) per cent of nitrogen, but as a rule it is nearer 

per cent. A very considerable variation in the 
auioiint of phosphoric acid occurs for the reason above 
•stated, the guano made from fish-scrap being naturally 
lunch richer in this ingredient than whole-fish guano. 
J lie phosphoric acid may be said to range from 4 to 
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15 ])(!]• font, and tlioro is also a small quantity nl 
potiisli ])resont. 

(Inano is also niannfaetnrod in Norway from the 
carcasses of wliales. Such <;iuino contains from 7' in 
per cent of nitro[,mn, and about lot per cent of 
])hosplioric acid. 

Tn Aimu'ica tish-gnano is manufactured to a coii- 
sidi'rable extent — one im))ortant source beiiyq the 
menhaddo, ;i coarse sort of lieiainc. This fish is 
caught for the sake of its oil, which is extracted by 
boilin<;', the n'sidue being manuhK'tured, after pressing 
and drying, into guano. 

In this country the manufacture of tish-guano is 
carried out to a. considerabh; and increasing extent. 
Formerly it was im])orted from Norwa}^ to a larger 
extent than is now the case, the ])rc.scnt annual im- 
poiTs amounting only to 1000 or 2000 tons. The 
total annual ]>roduction in the United Kingdom is 
probably 7000 oi- 800t) tons. 

Wtliu: of “ fiano." 

That tish-guano is a valuable manure there can be 
no doubt. What, however, impairs its value is the 
fact that, as a rule, it contains a certain amount of 
oil. The effect of this oil is to retard fermentation 
and decomposition when the guano is applied to the 
soil, and thus render its action slower than would 
otherwise be the case. 

When applied to the soil, therefore, every oppoi 
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iiiily ouglit to 1)0 ^i,n‘von to promote its fcrmoiitatioii. 

[ is Ijcst applied some linu! l)efore it is likely to be 
s(h 1 . It ought to l)(i well mixed with the soil-pjir- 
icles, and not allowed to lie on the to]) of the soil. 
Is best ellect will 1 )(‘ on light welbeidtivated soils, 
i’lii(‘h permit of the ae(‘(‘ss l)oth of sulheient moistiin' 
lid of sullicient air for raj)id fermentation. Its value 
s a manure for hops, vines, grass, and strawberries 
as been found to be eonsiderabh'. It has be.en 
eeomniended to be a])plied along with farmyard 
iiaiiure ; and such a inode of ajiplication is no doubt 
^’ell suited to promote its decomixisition. It has also 
>eeii used for mixing with super])hos])hate of lime, 
'rofessor Storer has advocated a moia' gauieral use of 
isli as a manure than is at present the case, lie 
uggests that even fish not suitable for eaiible ])ur- 
»nses might be caught for the ])urt)0se of ('onversion 
ato manure. The dilliculty of pi'eserving lish, how- 
ever, is (‘onsiderable ; and he sugg(‘sts the use of 
'''task salts, such as muriate of ])0tash, or lime for 
Ills ])urpose. The benelit of using potash would be 
-wofold. In addition to acting as a preservative, it 
‘Vould considerably enhance the value of the resulting 
hiano as a manure. There is much truth in 1 /rofessor 
'itorer’s views ; and no doubt, as our sources of artilicial 
nitrogenous manures grow more limited, the manufac- 
hire of fish-guano will be carried on in the future on 
I larger and more systematic scale than hitherto. 
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Mc(d-m ml i/ifano. 

Wliiit i.s called “ iiieal-iiieal <j;uaiio” is generally lliai 
made from the refuse of the carcjisses of cattle after 
they liavc l)ccn treated for their meat-extract accord- 
ing to Liebig’s process. The meat-meal is used 1)01 li 
for feeding and imuuirial ])nrposes. Considerable 
(piantities' of this gnano arc imported annually into 
tliis connlry from South America, (^^ucensland, and 
New Zealand,- -that coming from Frey Lentos, in 
Uruguay, being best known. It is a valuable man- 
ure, es])ecially so for its nitrog(m, which varies from 
4 to 8 i)t'.r c(mt, while it contains of ])liosphoric acid 
from U) to 80 per cent. Sonn^ meat-meal guanos 
ceintain as much nitrogen as 11 ])er cent. 

In some parts of the world, more especially in 
(dermany, the carcasses of horses, as well as cattle, 
dogs, ])igs, Ac., which have died of disease, are con- 
verted into a gnano. Th(*.y are subjected to treatmeiit 
by st('ani in digicstors, by which means the fat and 
gelatine are sej)arated and utilised, while the remain- 
ing portion of the animal is converted into guano. 
Other processes arc also employed. The resulting 
manure contains from 0 to 10 per cent of nitrogen, 
and from 6 to 14 per cent of phosphoric acid. 

Valnc of Meat- w ml Guano. 

Meat-meal guano is a valuable nitrogenous manure. 

^ The annual imports may be stated at from 3000 to 4000 tons. 
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The sfiiiie remarks apply to it as to lisli-guano, 
altlioiigh it ferments probably very much more', 
(piickly than the latter, ami is nmloubtedly a more 
valiial)le manure^ 

]i(it Guano. 

Ill conclusion, we may considm- bat guano. Hat 
guano, which is really a very rarii curiosity, has been 
found accumulated in hot climates in caves. 

The samples whicli have been analysed have di tiered 
very much in quality, some containing as mm-h as 9 per 
cent of nitrogen and 25 ])er cent of jihosplioric acid. 
Trovided it could be obtained in any quantity, and of 
a ([uality even approximating to the above analysis, it 
iuhmI scarcely be pointiMl out tliat liat guano would be 
a most valuable manure. 

A singular point about its conqmsition is, that it 
has been found to contain a considerable projiortion of 
its nitrogen (as much as 3 per emit) in tlie form of 
nitrates. 

JHf/ron and Fov-l Dang. 

Pigeon dung is a manure which historically is of 
great importance. The dung of pigeons was used as a 
nianure by the ancient Ivomans ; and even in modern 
times, more especially in France, it was considered a 
most huportant fertiliser. Desjiite these facts, pigeon 
'lung is by no means a rich manure, and its composi- 
tion compares most unfavourably with that of the 
guanos we have just been considering. According to 
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Storer,^ it only contains from 1} to 2} per cent of 
nitrogen, and from 1 J to 2 per cent of pliosphoric 
acid, and a little over 1 per cent of potash. 

The dung of poultry is just about as poor, fowl dung 
containing from .8 to 2 per cent of nitrogen, 1|- to 2 
per cent of pliosphoric acid, and a little under 1 per 
cent of potash ; while that of ducks and geese is even 
poorer.^ 

From these statements it will bt‘ seen that the 
excrements of pigeons, hens, and ducks do not form a 
rich manure. One thing about pigeon dung which is 
to be noticed, is the fact that it ferments very quickly. 

None of tlu^ psiuido-guanos, however rich they may 
he in manurial ingia'dients, can be regarded as equal 
in tlnur action to the genuine article, for reasons whii-li 
wo have gone into already when considering the action 
of guano. 

^ Agrioultural Chemistry, vol. i. ]\, 3(17. 

“ See Apiu-iidix, Note VII., p. .331. 
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NO'ri: I. (p. -21)7). 


I’F.UrVfAN (iTTANO hirollTKT) INTO THK UnITFI) KiNODOM, 

I 8 (;r)-i 8 i) 3 . 


Tear. 


Tons. 

A'cai. 

180.7 


213,024 

1881 

1870 


217,028 

1882 

1871 


144,73') 

1883 

1872 


74,964 

1884 

1873 


13.7,895 

1885 

1874 


94,316 

1886 

187') 


86,042 

1887 

1870 


1.58,674 

1888 

1877 


111,83.5 

1889 

1878 


127,813 

1800 

1879 


45, 175 

1891 

1880 


58,631 

1892 


Tons. 

3:?,:593 

27,382 

3 r ),713 

i:),802 

28,733 

r.,784 

17,000 

10,000 

11,000 

14,000 


NOTE TI. (p. 298). 

OUANO Dhposits of the World. 


8"rri[ Amhiuca— 

I'rru , — In various islands off the coast — viz., (’Innclia, Guan- 
ape, Ilallestas, Macabi, Lobos, and Patillos; ainl on diflerent 
parts of tlie coast— viz., Pabelloii de Piea, Chipana, Tluanillos, 
Pmita de Patillos, In<lependenco Pay, and Loltos de Afucra. ^ 

Coliimhid . — In different part.s of the States of Venezuela, ISew 
Granada, and Ecuador. Guano comin;^ from these parts is often 
known as (.'olnmbiaii guano, or according to the name of the 
State ill which it is found. Maracaibo and Monks guanos come 
from the coast of Venezuela. Deposits are also found on the 
Galapagos Tsland.s, to the west of Ecuador. 

Bolivia. — Mejillones, Patagonia, Leon’s. 
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Noiith Ameiik'a Deposits have been foun<l on tlie coasts of Mexico 
and California ; on tlio Itaza and Patos Islands ; and on the coasts 
of Labrador. They have also been found on the Islands of Ciii- 
a(,-ao, Arul)a, and Navassa in llu! Cult of Mexico, 

Afimca — O n the west coast deposits have been found at Al^'oa liay, 
Saldanha Bay, and on the Island of bdiahoe. 

Austratja — S hark’s Hay and Swan Island. 

West Injues Sombrero, Aves, and Cuba. 

Pacifio Ocf.an On the Islands of Jhiker, Jarvis, Howland, Mahlcii, 
Starlmck, Fanning, Emhuimry, Laccpede, Browse, Jiuon, and 
Suri>rise. 

Asia— Deposits at Knria Mnria on the Arabian coast, and on the 
Sandwii'h Islands. (See Ilcidcm’s ‘ Diiin/erlehrc,’ vol. ii. ii. 
349.) 


NOTH III. (p. 303). 

C().M1'().S1T[()N OF CON(tHF,TTONAUV NoDUT.ES. 

(.1 naJi/seti hij Karmrodt.) 


No. 1. 


Pota.ssiuni sulphate 

pho.sphate . 
Sodium II 



7.49 
9. .'12 
9*08 

Ammonium m 



7.57 

Calcium sulphate 

Ammonium urate 

II oxalate 

Nitroi^eiioiis or^Miiic mattci' 
AVater 



3.40 
4.09 

41.28 

10.17 

7.40 


100.00 


Nitro^^en . . ] 4 .,S 4 


No. 2. 


Potassium sulphate 

45.64 

Sodium II ... 

13.22 

Ammonium n ... 

10.23 

II oxalate 

9.14 

Basic ammonium phospliate 

12.09 

Precipitated ammonium phosphate 

4.78 

Organic matter .... 

.94 

Insoluble .... 

1.90 

AAbiter .... 

2.06 


100.00 
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NOTE IV. (p. 30()). 

Tli(‘ followiii^f iui!ilys(^s, being tli(! average of a large 
iiinnlier of diHerent samples analysed from time to time 
in the chemical laboratory of the I’ominritz Agricultural 
f.xpt'i'imeutal Slatiou, show the gr:idual deterioration of 
I'ciiiviaii guano, as regards its percentage' of nitroge'U, 
(luiiiig th('. years 1<S()7-S1 : — 



Nilr(»<,'oii. 


Nilro},'cii 

18G7 . 

. DnC) 

187:5 . 

9.16 

1868 . 

. 11.98 

1874 . 

9,8;i 

1869 . 

. in. 6 6 

1878 . 

7.10 

1870 . 

. I2.n7 

1879 . 

. 6.9.^ 

1871 . 

. 10.04 

1880 . 

7.07 

1872 . 

. 10.72 

1881 . 

6.9:5 


Nd/rt: V. (p. :j()!>). 

( ■()^rposITTo^’ OF Difff.hfnt Guanos. 

The following is a list of tin*, more, common nitrogi'iious 
and phosphatic guanos which have; leeen used in the past 
nr are at present in use. Those ju'inted in ilalics are still 
hciiig worked. As their value depends on tln'ir nitrog(‘n 
and jihosjdioric acid, these alom; have la'cn given. The 
I'crcentages must he taken as men! approximations, as the 
'piality of diiferent cargoes from the same dejmsits varies 
very much. The table may he found useful for refereiice. 


N it rogenom (Inanos. 


Aiiijainos 

Nitrogen 
per cent. 

— Ammonia. 

per cent. 

PliOHphoric ) 
acid f 

jier cent. 

( Triealeic 
' '( plio,si>lia(e. 
per cent. 

. 20 

•24 

5 

11 

Oliiiiclia 

14 

17 

13 

28 

Itillcstas 

12 

15 

12 

26 

h.iiyi'tiaa 

11 

i:5 

19 

41 

•niaiia]>e 

11 

1:5 



Macabi 

11 

1:5 

12 

26 

O’orcovado 

11 

13 

15 

33 

^Snldanha Jhiji 

9 

11 

9 

20 

f<'h<thoe 

8 

10 

9 

20 

Independence Hay 

7 

9 

12 

26 



APPENDIX TO CHAPTER VTII. 


:m 



Nitrogen ^ 

"'"Sir™! 

j Tricalcic 
( lihospli.lle 


per cent. 

per cent. per eent. 

])er eeiif. 

P(rh('lIon (Jr. P!e<i 

7 

9 14 

31 

Piinhi dr fjohos 

4 

5 ir, 

33 

UudnilloH 

6 

7 13 

28 

P(!iigniii 

r, 

6 11 

24 

Pntngoiiiiin . 

4 

f) 18 

39 

Falkland Islands 

4 

5 11 

31 


Plinsjdtafi 

; (Inanos. • 




Pliosphorie ) 

/ Tri calcic 



aciil ) 

1 ]ihosplia1e 



per cent. 

]ier cent. 

Maracailu), or Monks 
Raza Island . 


. 42 

92 


. 40 

87 

Curn(,'ao 


. 40 

87 

liahir Ishtnd . 


. 39 

8.^. 

Starbuek . 


38 

83 

Kmlrrhianj 


37 

8 1 

Californian . 


. 3.". 

70 

Aves . 


34 

74 

Fanning Island 


. 34 

74 

Howland 


34 

74 

SidiK’H hland 


. 34 

74 

Mfjillont's 


3.3 

72 

baeciiode Islainl 


. 33 

72 

Maldoi. Island 


32 

70 

Soiiilircro 


32 

70 

Jlrov'sr Island 


31 

(‘.8 

II non Tshend . 


. 28 

()! 

Fatos Island , 


. 24 

r>2 

.larvia Iskoid . 


. 20 

11 

(ki])e Vert 


. ‘ 11 

21 


NOTIC VI. (p. .314). 

It may 1)(3 of int(‘ivst lo rofor to a tlieory put forward 
by Liobif( as to tlic action of oxalic acid in gnano. Ibis, 
lie considered, bad tlie elfect of gradually rendering lb'' 
insoluble calcium pbospbate solul)le, and giving rise to 
the formation of ammonium phos])bate and calcium oxalate. 
Such an action would probably take place were the guano 
allowed to ferment by itself. We know, however, tliat 
when it is brought in contact with the soil-particles, all its 
soluble pliosidiate is converted into precipitated pbospbate. 
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NOTE VII. (p. :m). 


Analyses oe of Fowls, I’kjeons, Ducks, and Geese. 

(Storei ’s ‘ A^a-icultural (Jheiiiistry,’ vol. i. p. 307.) 



Fowls. 

Pif'coits. 

Ducks. 

Gccsf. 

Wiitor 

.^(>.00 

.52.00 

50. 00 

77.10 

Or;.,Miii(' nialtcr 

2r,.i>o 

a 1.00 

20.20 

13.10 

Nitrogen 

l.dO 

1.7.5 

1.00 

55 

rhosplioric; acid 
I’otasli 

l..^)-2.00 

1.. 5— 2.00 

1.40 

!54 

.80--. 1)0 

1.0- 1.2.5 

.02 

.05 

Lime 

. 2.00 -2.50 

1..5 2.00 

1.70 

.84 

M!i;,Mi('.sia 

. 7 r> 

.50 

.3.5 

.20 

Aecordiuj^f to a 

(•oinpulatioii by ; 

i ILd^iaii fanner, a 

pigeon 


yields about 0 lb. of in a year, a Ikmi about 12 lb., 


a tuikoy or j,mose about 2.0 lb., aud a duck 18 lb. 
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(JHAPT]^:il IX. 

NIT II ATE OF SODA. 

Nitiiate of soda/ or, as it is inoro correctly desig- 
nated from a clicmical poiiil of view, sodium nitrate, 
now forms the cldcf artilicial nitrogenous manure in 
use. Along with sulpliate of ammonia, it has taken 
the place once held in tlie manure markets by the 
older Peruvian guano, and may witliout doubt hi' 
reckoned, at present prices, one of tlie cheapest and 
most valuable of the artificial sources of nitrogen for 
the plant. It is some sixty -two years ago since 
it was first lixported from South America into this 
country. The total exports in that year amounted to 
about 800 tons, and some indication of tlie enormous 
extent to which the use of this valuable fertiliser has 
been developed since then will be obtained from the 
statement that the total exports at present amount to 
little less than 1,000,000 tons per annum, representing 
a monetary value of 6 to 7 millions sterling. Of this 

^ This .substaiico is al.so largely known under the name Chili salt- 
petre, to distinguish it from potassium nitrate or common saltpetre. 



DATK OF OISCOVEUY OK NITKATE DKl'OSl'l'S. 

(juaiitity about 120,000 tons arc imported into I’ritaind 
AVliilc its cliiei' use is for manurial [)urposes, it must 
not 1)0 imagined tliat it is only used for tin's purj)ose. 

A certain amount is used in connection with \’arious 
(hemical manufactures — for instance, that of nitric 
and sulphuric acid — and also in the manufacture of 
saltiietrc, tlie chief constituent of gunpowder. 

Date of Dl>iroa:rt/ <f Nitrate DepofoLs. 

Tlu' exact date of the discovery of tin*, nitrate de- 
posits seems to he a point of eonsiderahle dul)iety. 
The earliest published description of them was written 
hy llollaert about the year 1820, in which year, it is 
stated, the first sliipiiient was made to Kngland. It was 
Hot, howawer, till some ten or twelve years later that the 
Tenivian (Government, to whom they then belonged,- 
seems to liave recognised tlieir value. The most im- 
portaut deposits are found in the vicinity of the town 
of hpiique, which is the chief nitrate })ort of South 
America. It is a somewhat striking fact that this 
substance, which has conclusively proved itself to l)e 
the most potent of all known artilicial agents in the 
I’romotion of vegetahle growth, should be found in a 
'li strict utterly lacking the slightest traces of vegeta- 
tion of any kind. Lest such a statement should seem 
‘ *S(‘e Appendix, p. 351 . 

We may remind our readers that lliese nitrate deposits were 
targely the cause of the late Avar between Chili and Peru, which re- 
s'llted in the cession to Chili by Peru of the province ol Tarapaca, 
"here the most important deposits are situated. 
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to savour of irony, we liastoii to explain tliat tlie sin- 
gular barrenness of this ])art of the country is largely 
line to the character of its climate, the deposits occin- 
ring ill the midst of sandy deserts,^ on which rain 
never falls. 

Their Oriijiii. 

Tlie origin of these nitrate-fields is a. geological 
])r()hlem of very considerahle interest, the dillicult}' 
of which is greatly (‘nhanced hy their altitude - 
oOOO to 4000 f(H‘t ahov(^ the S(*a-level — and their dis- 
taitce inland, which amounts in some cases to eighty 
or ninety mihcs from the sea-coast. The nitrate de- 
posits an* not tin* only saline dejiosits found in (4iili. 
According to the late David Forhes,- tlu^y are not to 
1)0 confused with other saline formations, which appear 
at intervals scattered over the whole of that portion of 
the western coast, on which no rain falls. The latter 
stretch from north to south for a distance of more than 
550 miles — their greatest development being between 
latitudes 19’ and 95 south. The deptli to which the}’ 
extend downwards varies considerably. IMost of them, 
lioweN’or, are of a very superficial character, and “ the}' 
always show signs of their existence) hy the saline 

^ Tlie other iiitr.-ite are found in the piovinces of Antola- 

gasta and Atacama, and a certain amount of the refined article is 
ported from these jilaces. The amount, however, is inconsiderable 
eoinparcd with that wliicli comes from tlie province of Tarapaca. 

“ See his ehiborati; article on the Geology of liolivia and Fern, p'lh- 
lislied in the ‘ Quarterly Journal of the Geological kSociety ’ for Ko- 
veinber 1860. 
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cIlloreseeiKH' seen on tlie surface of the ground, wliicli 
ofleii covers vast ])laiiis as a wliite crystalline incrns- 
tation, the dnst from which, entering the nostrils and 
iiioiiih of the traveller, causes niiich annoyanci', whilst 
at the same time tlie eyes are equally suH'm-ing from 
the intmis(dy brilliant ladlection of tlie rays of a tropi- 
cal sun.” These salim; imnaistations, or stdiuds, as 
tliev are generally called, an' chiclly com])osed of salts 
ot lime, soda, magnesia, alumina, and of horacic acid. 
rii(‘ir coni])osition would lead one to attribute their 
"ligiii to the eva])oration of salt water; for, with the 
single exception of horacic acid,’ all the mineral sul.)- 
stauces are such as would he obtained by the evapora- 
tion of sea-water, or hy the mutual reactions of its 
salts with till', constituents of thi' adjacent rocks. As 
there is '‘indisputable evidence of the reiamt idevation 
of the whole of this coa.st,” volcanic ujdieaval might be 
reasonably held to explain their altitude. Their com- 
parative proximity to the coast would seem further to 
lavour this tlieory. ()n these grounds, therefore, Forbes 
is inclined to think that they owe their origin to the' 
ava})oration, under the inllucnce of a trojdcal sun, of 
lagoons of salt water, the communication of which with 
die, sea had been cut oft hy the rising of the land. 

Forbes and Daricin on tlie Theorif of their Orujin. 

The obvious diiliculty of accounting for the forma- 
don of the larger deposits by such a theory he meets 
' Tlie source of the boracic acid is probably volcanic. 
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by sayiiij^- that it i.s only necessary to suppose 
even after the partial isolation of the la^L^oons by llic 
elevations of the coast, tliey might still have niain- 
tained tidal or occasional conininnication with the sea 
by means of lateral opiaiings in the chain of liills 
separating them from tlie ocean. In siu’h cases there 
wonld be a gradnal accumulation of salts, very iinuli 
greater in amount than that due sinijaly to the evap- 
oration of the water originally contained in the lagoous. 
Th(i aliove theory of the origin of the lower saliiu; 
deposits may go to ex])lain the mode of formation of 
the nitrate-lields ; but in this case several dillicullies 
present themselves. One is the much greater altitude 
of the lattm’, as well as their greater distance inland. 
This ditliculty, however, may he met by assumiuu 
that they are of older origin than the lower deposits, 
and have been subjected to a. correspondingly greatov 
amount of volcanic upheaval. There is abundance of 
proof that this part of the continent has been the scene 
in the past of such volcanic upheaval. Forbes is of 
opinion that there is the fullest evidence to ])rove that, 
even since the arrival of the Spaniards, a very coii- 
siderahle elevation of the land lias taken place over 
the greater part, if not the whole extent, of the line of 
coast; while Darwin states that lie has conviiiciui; 
proof that this part of the continent has been elevated 
from 400 to 1200 feet since the epoch of existing shells. 
Furthermore, elevations of the coast-line, amouiitiiig in 
many cases to several feet, are known to have hap- 
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jieiKHl within recent times, while eartliqnakes and 
v(»]('!iiiic distnrhanccs of a less striking nature are still 
ot' coninion occurrence. Successive lines, indicative of 
old sea-hcaches, can be distinctly traced stretching in- 
Iniid, one behind the other; and ])atches of sea-sand and 
\v;iler-worn stone, found at a great distance from the 
coast, both in valh;ys and at allitud(!S much greater 
than 4000 feet, ])()int to the same conclusion.^ 
The dilhculty, therefore, of altitude and distance from 
the coast cannot be regarded as insuperable. 

Source of i\ Uric Ac'ul. 

A dilhculty, however, which is not so easily met, is 
afforded by the presence of the nitric acid which, 
ill combination witli tlie soda, forms the nitrate of 
•'^oda. It is scarcely necessary to inform our readers 
that nitrogen — except, of course, in small cpiantities 
ill the free stale — is not a normal constituent of salt 
water. The cpiestion, therefore, of greatest interest 
ill connection with the formation of these nitrate- 
licds is, Whence has the nitric acid been derived ? 
t^cveral theories have been put forward to account 
for it. 

Guano Theory. 

One is to the effect that it owes its origin to huge 

' A friend of the j)rcseiit writer, who lias visited this [lart ol the 
West coast of South America, informs him that at one point of the 
t oast at Mejilloiies (in Bolivia) he could trace the remains of no fewer 
tliaii twelve distinct sea-beaches, situated at different distances from 
Ito sea, and rising to an altitude of 2500 feet. 

Y 
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^i;u[iii() deposits, originally eovcriiig the shores of I lie 
large s:ilt lakes wliieli, by the subsequent overllowiii^ 
of tlieir shores, ellected tlu; niixtun', of tlu', guano willi 
the salts. In this way, by a slow process of decom- 
]>osition, nitrate of soda would he ultimately fornietU 
This tlieory, apart from other considerations, seems al 
first siglit extremely plausible, moi'c es])eciidly when 
we remember that it is on tliis very coast that tlu‘ 
greatest guano deposits havii been found, and that the 
famous Chincha Islands, wliich alone liave yielded over 
10 million tons of this valuable fertiliser, are com- 
paratively neai' the scene of the nitrate deposits. 
What seems further to su])])ort this theory, is the 
actual occurrence in the nitratii-tiidds themselves of 
small quantities of guano. Ihit however ])lausihle it 
may appear at first sight, it does not hear closer criti- 
cism. Oiu.' very serious objection is the absence in 
these de])Osits of pliosphate of lime, which is the 
largest constituent of guano. If they were really d'le 
to guano, how does it happen that the insoluble phos- 
phate of lime should have di.sappeared, while the 
easily soluble nitrate of soda should alone be pre- 
served ? Again, assuming this theory to be correct, 
we should naturally expect to be still able to find evi- 
dence of the chemical changes which would under such 

^ III this change, lime derived from the .sea-shells would play an 
important part. Modern rcscarche.s have .shown, a.s wo have alreaily 
.said in a previous chapter, that, in the conversion of organic nito'- 
gen into nitrates, the presom-e of carbonate of lime is a necessary 
condition. 
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circRiiistances liavc taken ])laec, in tlie sliapc of por- 
tions of tlic guano in the transition stage. Such (wi- 
(Icnce, however, the most careful investigations have 
failed to detect. Apart, howevm*, from tlie above ol)- 
jections, there secans to l)e little doubt, from evidence 
allbided by ti'aces of birds’ nests, Ac,, that the guano 
found ill tlie nitrate-beds was deposited suhse([U(mt to 
tlu: formation of tin', nitrate of soda. 


Xl/i'ir, Acid dr rived from Srn-urrd. 

Tlu'. most probable theory seems to be tliat put foi - 
ward by Nblliier. The origin of tlie nitric acad is, 
according to liini, to be ascrilH'd to tlu* decay of great 
masses of sea-wei'd, which, by means of hurricanes 
such as are still prevalent in tliese districts, were 
'li'iveii into tlu' lagoons. The cbi(‘f dilliculty in 
tlie way of accepting this theory is tlu; enormous 
'iuaiitity of sea-weed required to jiroduce the millions 
af tons of nitric Jicid these deposits contain. It 
must lie remembered, howcv(‘r, as liearing upon 
this ])oint, that the (X'curnmce of gigantic masses of 
>''a-wecd in the Pacific Ocean ^ is by no means un- 
common even at tin* })res(‘nt time. If, to understand 
tile formation of coal, we must sup])ose the Carboii- 
ilerous period to be one Juring which exceptionally 
bixuriaiit growth of vegetation took place, we may be 

' The Gulf weed is au in.stance in ])oint. Huge masses ot floating 
i-weed are sometimes found, 500 to 600 miles in length, forming the 
‘'^o-ealled Saragossa Sea, 
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periiliited to suppose a similar luxuriant growth of 
sea-weed during the formation of the nitrate de])osits. 
Very strong conlinnation of tin* truth of this tlieory is 
further afforded by the presence in large quantities, in 
the raw nitrate of soda, of iodine, a substance cluirac- 
teristic of sea-weed ; while pieces of sea-weed still uii- 
decumposed are met with here and there. On thr 
whole, thcrefori*, this theory, while not free from dilli- 
culties, seems to he the most worthy of acceptance as 
regards the origin of th(‘, nitrate deposits.^ 

Ajypcamnvc of NUrati. -Jkhh. 

Jfaving thus discussed the origin of the nitrate- 
fields, we may now give a more detailed description 
of their appeanince. The chief deposits at present 
being worked are those lying in the Pampa de Tani- 
arugal, in tlui province of Tarapaca. They stretch 
to a distance of thirty or forty iniles inland, from 
Pisagua southwards to somewhat beyond the town 
of Lpiique. This huge desert, as has been already 
indicated, seems to be entirely destitute of all vege- 
tation and animal life. Even in the immediately 

^ A didiculty which has not been referred to is tlie. belief enter- 
tained by geolo^dsts that “there has been a eliange of climate in 
Northern t'hili, and that there must have been more rain there for- 
merly than there is at present. ^Traces of human habitations arc 
found high up in the Cordilleras to-day. Cobs of Indian corn, axes 
and knives of copper tempered to exceeding sharpness, arrow-heads of 
agate, even pieces of cloth, are dug up in arid plains now without 
any trace of water for many leagues in or around them” (Russell, 
‘The Nitrate-Fields of Chili,’ p. 290). 
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adjoining country the only kind of vegetation tliat 
s(M'nis to grow is a species of acacia. The few streams 
tlial are found in this neighbourhood are entirely fed 
by the melting snow from the (^jrdilleras. Darwin 
describes the appearance |)resented by these ])ampas 
as resembling “a country after snow, before the last 
dirty patches are thawed.” The caliche, or raw nitrate 
of Soda, is not equally distributed over the pampas. 
The most abundant deposits are situated on the slopes 
of the hills which prohal)ly formed the shores of the 
old lagoons. An ex])ert can tell from the external 
appearance of the ground where the richest deposits 
are likely to be found. The caliche itself is not found 
on the surface of the plain, but is covered up by two 
layers. The uppermost, known teclinically as chiica, is 
of a friable nature, and consists of sand and gypsum ; 
while the lower, tlie codra,, is a rocky conglomerate 
of clay, gravel, jind fragments of felspar. The caliche 
varies in thickness from a few inches to 10 or 12 feet, 
and rests on a soft stratum of earth called cova. 

21ic Method of mmiwj the Nilmie. 

The inode in which the caliche is excavated is as 
follows : A hole is bored through the chvea, costra, and 
ealiche layers till the cova or soft earth is reached 
below. It is then enlarged until it is wide enough to 
admit of a small boy being let down, who scrapes 
J^way the earth below the caliche so as to form a 
little hollow cup. Into this a charge of gunpowder 



342 


NIT RAT K OF SODA. 


is inti’oduced, and sn])seqiiGutly (3xpl()ded. The cidiche 
is tliBii separated by means of picks from tiie over- 
lying codra and carried to tlie refinery. 

Coiirposiliou of (dahclie. 

both in a])pearanc(‘, and coin})osition it varies very 
niuc.li. Tn c.olour it may be snow-white, sulphur, 
lemon, orange, violet, hlne, and sometimes brown 
like raw sugar. 

The cidlchc found in the Pampa d('. Taniarugal 
contains generally about 30 to hO per cimt puix* 
nitratii of soda; that in the provincui of Atacama 
contains from 25 t.o 40 per cent. The subsequent 
refilling processes, which consist in crushing it by 
means of rollers and then dissolving it, need not 
here be described. It may be suflicient to incii- 
tion that the process used is that known iis sys- 
tematic li.xiviation, and is analogous to the method 
introduced by Shanks in the manufacture of soda. 
The chief inqmrity in the raw material is common 
salt : gypsum, sulphates of potassium, sodium, and 
magnesium, along with insoluble matters, arc the 
other impurities. The manufacture of iodine, which, 
as has been already noticed, is found in the nitrate- 
beds, is also carried on at these ofainas. 

Extent of the Nitrate Deimits. 

The question of tlie extent of the nitrate of soda 
deposits is naturally one of very great interest. 
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es})ecially from tlu; agricultural point of view. ^ IM. 

( liarles Legrangc, a, Frcncli writer, estiiiuited a. fc^v 
years ago tliat they still eoiitaiued alioiit 100,000,000 
tons of pure nitrate of soda. Oi>inious on this point 
(litier very (‘onsiderahly, and it sianns wellnigh im- 
))()Ssil)hi to arrive at any very accurate, estimate. 

Tlie number of years they will last will de])end, 
(»[' course, on th(‘ amount of annual exi>ortation. 
This, at })r(rsent, falls little short ol 1,000,000 tons. 
If this amount is maintained, they should last, ac- 
cording to experts, some twenty or thirty years at 
least. A consideration which has an im])ortant in- 
llueucc on this (piestion, is the ])rice o])tained for 
I he article. If this should be increased, it may l)e 
possible to treat the larger (piantitics of tlui inferior 
raw material (which at present prices are allowed 
to accumulate) at a profit, lindoubtcdly this is what 
will ultimately take place, wlien the richer quality 
of the caliche has been exhausted. 

Coriijwsitioii and Propciiies oj Aaleatc oj Soda. 

As has already been pointed out, commercial nitrate 
of soda contains about 95 per cent of pure nitrate of 
soda, or about 15?, per cent of nitrogen, which, if cal- 
culated as ammonia, would e([ual 19 per cent. It is, 
next to sulphate of ammonia (which contains 241 per 
cent of ammonia), the most concentrated nitrogenous 
manure, and further, contains its nitrogen in the form 
most readily available for the plant’s use. Its most 
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characteristic property is its ^i^reat solubility, and con- 
sequent speedy diflusion in the soil, and the inability 
of the soil-particles to fix its nitruLfen. In tlic latter 
respect it diOers very considerably from otlier forms 
of nitrogen. Ammonia salts, though practically (luilc 
as soluble, do not diltuse in the soil so rapidly as 
nitrate of soda does ; for the ammonia is more or 
less tenaciously fixed by tlie soil-particles, and re- 
tained till converted by the process of mirijimtion 
into nitrates. 


Nitrate of Soda, apidicd as a Top-dressiiuf. 

On this account nitrate of soda is cliietly employed 
—and rightly so— as a top-dressing. Tlie risk of loss 
by drainage is thus minimised, and tlu' valuabli' 
nitiogen finds its rightful destination — viz., in tlie 
plant’s roots. 


Encouraijcs deep Iioots. 

A special benefit which the dillusibility of nitrate 
of soda has been held to confer on the iilant, is to 
encourage the growth of de(‘p roots, by inducing the 
glowing plant to send down its roots into the lower 
layers of the soil after the nitrate of soda. Tlie 
benefit of deep roots is, of course, very great. They 
enable the plant to withstand the action of drouglit, 
and at the same time increase the area whence the 
plant may derive its nourishment. Although the 
value of the manure is practically entirely due to the 
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nitvoj^cii it contains, it has been urged that the^soda 
t'xevcises a beneficial effect on the ineclianical pro- 
perties of the soil, by increasing its power of [ibsorb- 
iiig moisture, and in also rendering it niorcj coin])act. 
This would partly explain how its results in dry 
seasons are so much better than those obtained from 
sulphate of ammonia. This mechanical action of 
nitrate can scarcely be very great when we re- 
iiuanbcr the comparatively small (|uantny applied. 
Even in the driest of seasons there will always be 
sullicient moisture to secure the diffusion of the 
nitrate of soda, while the risk of loss by drainage 
will be reduced to a minimum. Much ignorance, as 
well as prejudice, has existed in the past as to the 
true nature of the aefion of nitrate of soda. Nor is 
this prejudice even yet entirely dispelled. 

Is Nitrate an (Niausting Mamm ^ 

The common cliarge brought against it is, that it is 
what has l)een termed an exhausting manuni. This 
objection, to have any weight, must mean that nitrate 
of soda produces a crop which takes out of the soil 
ahnormal quantity of fertilising matter. But, so 
fur as the writer is aware, no scientific evidence has 
over been brought forward to support this contention. 
That the indiscriminate use of a manure may produce 
^ crop in which the stem and leaves are unduly 
developed at the expense of tlie grain, or in wliich the 
d'lality of the crop may suffer from too rapid growth. 
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is, of course, a well-known fact. But as this could 
also be produced by an overdose; of soluble pliospboiic, 
aeiel as well as aininonia salts, it is not a property 
that belon^^s exclusively to nitrate of soda. Probably 
nitrate of soda bas in the ])ast been often used in 
tliis iiidiscriininate way so as to produce such results. 
The faidt, tbei'efore, lies not in the nianure, but in the 
mode of its application. A few remarks, tberefon', on 
this most iifiportaut subj(;ct may prove; serviceable'. 

f /hr trhicJt it is suUcd. 

Opinions will naturally diller as te) the crops to 
wbicb it is preetitalde to apjjly nitrate e)f soda. Its 
value as a manure; fe)r cereals is pretty ^i>enerally 
admitteel. Its value as a manure for roots is not, 
however, so universally aelinitteel, blxperiments would 
seem to sliow that sue.di a crop as the mangold de- 
rives just as mucli benefit as do the cereals ; while 
in Germany practical e'xpcrience on a very large 
scale has demonstrated its value as a manure for 
beetroots. It may be generally recommended as n 
manure for all (;rops, except, perhaps, the so-called 
leguminous crops, such as clover, beans, peas, Ac., 
whose ability to obtain nitrogen for themselves ren- 
ders the application of expensive artificial nitrogenous 
manures luiadvisable. 

An interesting point with regard to nitrate of soda 
is the curious effect it seems to have on the colour of 
the leaves of plants. This interesting fact has been 
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^ti'ikiiigly demonstrated at the lh)thamsted thvperi- 
iiu'utal Station, in the contrast in the colour of the 
li'iivi'S of dirierent cxi)erimental j^rass-plots, manured 
with nitrate of soda and sulphate of ammonia respee- 
tiyciy—the ])lots manured with nitrate of soda l)eing 
distinctly darker in hue, obviously owini; to the 
'^reaUu' ])roduction of ehloro[)hyll or L;reen matt(‘r. 
Such a deptli of colour would seem to indi('al(' a 
more lieallhy (h'.velopment. 

Method of Appf icotlon. 

While o])inions, thciadorc, will naturally dill(*r as to 
lli(‘ crops to whicli nitrate of soda will he most protit- 
ahly applied, little diffcu'cma; of opinion exists as to 
tile, method of its ap|)lication. 'Hm inahility of tlu', 
soil-particles to retain it, tlie frequency of rain, the 
oostly nature of th(‘ manure its('ll, and its imme- 
diate availability as a plant -food, all ])oint to the 
('xireme advisability of using it as a top-dressing, 
hven when used as a top-dressing, it may l)e advisable 
not to apply the entire (piantity all at one time. l>y 
applying it in instalments, little risk is run that, 
through inclemency of weather, the manure will he 
kst. Another point of importance in ap])lying nitrate 
of soda is to secure uniform distribution. This of 
course is applicable to all artificial manures, but in a 
very special degree to nitrate of soda, because of its 
great value and the comparatively small quantity 
‘Applied. 
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As the uniform (listvibiition of one cwt. of any 
material over an acre of soil is by no moans an easy 
task, tlie mixing of nitrate of soda witli some dilueiu, 
sucli as dry loam, is consecpiently highly advisable. 
Common salt is often apjdied along with nitrate of 
soda. The indirect value of salt as a manure is 
considerable, and when applied along with nitrate, 
ensures its more speedy dilliision in the soil, by 
increasing ihe soil’s capacity for al)sorbing moisture 
from tlie air. 

Must he a Sufficieuc// of other Fertiluiwj C oust Hue nts. 

A third i)oint of imporhince in applying nitrate of 
soda, is to see that the soil is sufliciently supplied 
with the other plant-foods — phosphates and potash. 
This is a sine, qua non, if the nitrate is to get a fair 
chance. If it is desired to apply nitrate of soda along 
with superphosphate of lime, a word of caution is 
necessary against making the mixture long before it is 
used. The reason of this Is, that a chemical action is 
apt to ensue, resulting in the loss of the nitric acid in 
the nitrate of .soda. Tlie nature of the soil is another 
important consideration to be taken into account. In 
the case of extremely loose and sandy soils, it is 
scarcely to be r(!Com mended as the most suitable form 
in which to apply nitrogen. If applied to such soils, 
especial care ought to be taken to minimise risk of 
loss. No hard-and-fast rules can be laid down as to 
the cpiantity in which it ought to be applied. This 
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iinist be regnbited very much by the crop, the nature 
oi' the soil, and the (piantity of otlier manures em- 
ployed. From 1, to IJ cwt. may be recommended as 
a suitable quantity for corn cr()])S which are other- 
wise liberally manured. On stroipq clay soils this quan- 
tity may be judiciously increased up to 2 cwt. Dr 
hernard Dyer, who has experimented largely on its 
use as a manure for mano’uhls, is of opinion that an 
application of from o to 4 cwt. an acre is likely to 
[)rove thoroughly pu'otitable ; and the present writer 
has found in his ex])eriincnts with turnips that a to])- 
dressiug of 1 cwt. amply repaid itself. 

( ilnn'ii. 

Ill conclusion, the nature and characteristics of 
nitrate of soda as a manure may lie brielly summed 
up as follows ; — 

1. It is a whitish, crystalline salt, extremely soluble, 
and is quickly diffused in the soil, it should con- 
tain 95 per cent of pure nitrate of soda — lc., 15J 
per cent of nitrogen, eipial to about 19 per cent of 
anniioiiia. 

2. Next to sulphate of ammonia, it is the most con- 
centrated nitrogenous manure; the relative quantities 
et' nitrogen these two manures contain being as three 
is to four. 

3. It contains its nitrogen in the most valuable and 
madily assimilable form — i.c., as nitric acid, the form 
into which all other forms of nitrogen have lirst to be 
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coiiverU^d before they become jivailaljle for the ])laiit/s 
uses. 

4. Tliat, at juvsenl luarket ])riccs, nitrate of sodii 
may be safely alliianed to l)e the clieapest form of 
iiitroo'euous maiiuri*. 

5. Tliat nitrate of soda, in addition to its direct 
value as a. maniir(‘, jirobably exercises a slii^ht 
inllueiice on the mechanical jirojicrties of the soil, 
by increasing its compactness and water - absorbiii;^ 
capacities ; tb:d it further tends to promote dee]) 
roots, and thus to im-reasi* the soil area whence the 
])lant may derivi' its nourisbmeiit, at the same time 
rendering the jilant more alile to withstand the in- 
jurious intluence of drought. 

0. That a jdentiful sup])ly of the other manurial 
constituents should lie present in the soil, if nitrate of 
soda is to exercise its full value. 

7. That it may he jirolitahly applied in the casi; of 
nearly all kinds of crojis, hut that great care should 
he taken as to the mode of its a])])lication. That this 
should he almost invariably as a top-dressing, and 
that it should he applied in several doses if possible. 

8. Tliat its elfects can he regarded as lasting only 
during the first year after a|)])lication. 
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NTti{.\tk ok So]>a. 

Total HhiptKcnh from Soa/Ji .Imcrica, 1 8150-1 
Yr;ii, Tons. ‘ Y(‘;ir. Tmis. Year. Yoii'i. 

Is.iO . . 800 , 1870 . . 131,100 1880 . . 437,7.00 

is;!') . . 0,200 j 1875 . . 321,000 1887 . • 080,000 

IMO . . 10,100 ; 1880 . . 217,300 1888 . . 745,700 

IS 15 , . 10,800:1881 . . 344,000 1889 . . 930,000 

1850 . . 22,800 i 1882 . . 477,800 ' 1890 . 1,030,000 

1S55 , . 41,800 I 1883 . . 572,400 1891 . . 790,000 

ISfiO . . 55,200 i 1881 . . 510,!K)0 1892 . . 790,000 

isii5 . . lo'.t.ooo 1885 . . 12 ;;, 100 : 

The. following tables exhibit tlie total inij^oits into 
iMiiopo and into the United Kingdom from tlie years 
187:5-02:— 

XlTKATK OF SoI»A, 1 .S7;5- 1 8!12. 


Imports into Europe. huporls into fliutrd Arngilom. 


Year. 

Tuns. 

Yrar. 

Tuns. 

1873 

225,000 

1873 

124,000 

1874 

230, oOO 

1871 

108,200 

1875 

280,000 

1875 

161,900 

1 870 

300,000 

1 876 

166,800 

1877 

208,000 

1877 

69,600 

1878 

250,000 

1878 

104,400 

1879 

205,000 

1879 

55,300 

1880 

140,000 

1880 

48,:500 

1881 

230,000 

1881 

54,800 

1882 

335,000 

1882 

96,000 

1883 

440,000 

1883 

103,700 

1884 

505,000 

1884 

103,7o0 

1885 

. • 380,000 

1 885 

109,400 

188G 

330,000 

1886 

75,100 

1887 

440,000 

1887 

83,100 

1888 

640,000 

1888 

103,100 

1889 

760,000 

, 1889 

120,000 

1890 

784,000 

: 1890 

114,000 

1891 

851,000 

1 1891 

121,000 

1892 

795,000 

1 1892 

115,000 
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SUM’IIATK OK AMMONIA. 

Value of A uimonia, as a ]\fanurc. 

The value of aniiiioiiia salts as a iiiaiuiro lias been 
l()ii<4 reco, ionised ; indeed till recently ammonia wiis 
tliouL^'lit to be the most valuable form in wliieli nitro'^a'n 
could be applied as a plant-food — a view, we uiiiy 
mention, ludd by Liebi<jj. While tlio plant, no doubt, 
can absorb its nitrogen in the form of ammonia^ ns 
well as in otlnu' forms, as we have already pointeil out 
in previous chapters, it is now fully recognised tbnt 
ammonia salts, when applied to the soil, are converted 
into nitrates. X’itric acid, then, must be regarded as 
the most valuable, inasmuch as it is the most rapidly 

^ From exporitnouts by Loluiiann and others with t)uckwheat .iinl 
maize, it would seem tliat certain plants may prefer, at certain stages 
of tlieir growth, ammonia to nitrates. In the case of maize, amniojio 
may be preferred in the early stages of growth, wliile nitrates are 
preferred as it bccorne.s more mature. In view, liowever, of oar 
present knowledge of nitrification, it may well be doubted whetliei 
the conclusions arrived at from Lehmann’s experiments can 
accepted. 
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assimilated form of nitrogen for the plant ; but next 
to iiiti’ic acid in value comes ammonia. Of the ditler- 
eiil forms of ammonia available for niannrial purposes, 
tlie only one used to a large extent is sulphate. 

Sources of Siflplicffr of Am mon ia. 

Tlie oldest, and wliat is still tlu; chief source of this 
valualde salt, is tlui gas-works, where it is obtained as 
one of the bye-])roducts in tlie nianufaeture of gas. It 
is also obtained to a lesser extent from shale, iron, 
coke, and carbonising works. I’ones, horn, leather, and 
entain other animal substances rieh in nitrogen, when 
subjected to dry distillation, as is the case' in certain 
manufactures, sucli as t\u) manufacture of Ixane-cliar- 
eoal for use in sugar-relineries, and tla‘. distillation of 
horn, &c., in the manufacture of prussiate of potash, 
also constitute less al)undant sources. 

> I m m onia f rom ( ias-morl s. 

koal contains on an average from a half to one and. 
a half per cent of nitrogen. When it is subjected 
to dry distillation, as is done in tlie gas-works, the 
nitrogen which it contains is chiclly converted into 
ammonia, and, in the process of purification of the gas, 
is removed in the “gas-li(|uor,” ^ which contains about 

^ As the expense of converting the ammonia present in the am- 
xioiiiiical liquor is considerable, the practice oi using the liquor 
itself as a manure has bc(‘n advocated ; but us an objection to this it 
iiuist be urged that, besides being so bulky a manure, the li(iuor con- 
tains various substances poisonous to plaut-lifc. 

Z 



551 


SULl’lIATE OF AMMONIA. 


one per cent of ainiiioiiiu. The ammonia recovcriMl 
from iliis li(|iior l)y distillation is then alisorhed in 
sulpluirie acid. It may ])e ])ointed out tliat notliin^' 
like nil tlie nitrogen contained in the coal is recovered 
as sulphate of ammonia. Jt lias hecni ('aleulat(‘d lliat 
0 ]dy from a. liflh to a, tenth is actually recovered, and 
many ju’oeesses Inive been patented with ii viiov In in- 
creasing the yiehl of ammonia in gas manufacture. The 
total production of ammonia from gas-works may lx; 
plac('d at little over 1()0,(H)() tons ])er annum fordieid 
Britain. i\lr L. IMniid, RlhS., lecenlly drew attention 
to the possibility of largely increasing our supply of 
sulphate of ammonia from co:d. As indicating wind 
an enormous source of sul[»hate of ammonia we have 
in coal, j\lr Mond calculated that its annual consuni|)- 
tion in this country (estimati'd at 100,000,000 tons) 
would yield as much as 5,000,000 tons of suljdiate of 
ammonia. 

Of her Sources, 

AVhilc the ammonia y)roduced in the inanufacturc of 
gas lias long lieim collected, it is only of recent years 
that the other sources of ammonia have lieen devel* 
oped. Next to the gas-works, the shale -works of 
Scotland form in this country the chief source of this 
valuable manure. Tn these works the ammonia is 
obtained in distilling the paraflin shale by a method 
somewhat similar to that in use in the gas-woiks. 
The amount of sulphate of ammonia obtained from 
this source is between 20,000 and 30,000 tons poi' 
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aiiiiiHu. IJecontly tlie aiimioiiia luis been reeovereil 
from the blast-funiacc jjjascs in iron-works — sonu', 
()()U0 tons litang- annnally obtained in tliis waiy ; while 
from coke and carbonisinj^ works the animal produe- 
lioii is about half that amount. The condhned annual 
piddiietiun from all these sounds may be ]»ut dowui at 
1-1(1, (>00 tons, the total ])]'oduetion in Euro])e beinj^' ])ro- 
halily little more than 200, 000 tons. Jn the At)t)endix 
furllier statistics will be found. ^ 

(Jniiiposlfion, (IV., ij' t^tilphidc ([f A unnonla. 
hure sulphate of ammonia is a whitish crystallim.' 
salt, extremely soluble in water. The. commercial 
iirtiele, however, is j^encrally greyish or brownish in 
Lolour, owing to the presence of slight (juaiitities of 
impurities. The pure sjdt should contain 25. 7d })er 
cent of ammonia; but the commercial article is gener- 
ally s(jld on a liasis of 24.5 per cent. A useful test 
ef its jnirity is tlie fact that when subjected to a I'ed- 
hcat it should almost entirely volatilise, leaving very 
lit tie residue. The chief impurities which it is likely 
to contain are an excess of moisture, free acid, or the 
I'l’esence of insoluble matter. Certain samples contain 
'Mnall quantities of ammonium sulphocyanate, an ex- 
tremely poisonous substance for plants. The presence 
of this dangerous impurity is easily detected by adding 
lerric chloride, which, in presence of the sulphocyanate, 
produces a blood-red colour. Sulphate of ammonia is 
^ See Appendix, ]». 35S. 
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thus th(i most concentrated of all nitrogenous man- 
ures in common use, and is for that reason the most 
expensive. 

ApjMcdiLon. 

For this reason, as well as from the fact tliat it con- 
tains a, spe(Hlily availal)lc form of nitrogen, sulphate of 
ammonia should only as a rule l)e a]tplicd in compara- 
tiv(dy small cpian titles — 100 to 125 11). per acre.'' It 
should also be applied l)cfore, but not too long l)efore, 
the cro]) is likely to rcrpiire it. The reason of this is to 
give it time to be converted into nitrates. The ability 
of the soil to retain ammonia has alnsidy l)een pointed 
out. It is not saf(‘, however, to rely too much on the 
nitentive powiu’ of the soil for ammonia, the conversion 
of junmonia. into nitrates going on very (jiiickly uiidci' 
favourable circumstances. It is most profital)ly used 
as a manure for cereals, and it has been found- by 
Lawes and (filbert in tlun'r experiments, that an in- 
crease of one bushel of wlieat and a corresponding 
increase of straw have been obtained for every 5 lb. of 
ammonia added to the soil. As has been pointed out 
in the previous chapter, the respective merits of sul- 
phate of ammonia and nitrate of soda d(‘pend largely 
on the nature of the season during which they arc 
used. In wet seasons the sulphate is rather more 
favourable than the nitrate, but, on an average, ni- 
trate of soda is prol)ably the more valuable manure — 

' Some crops, however, may with advantage ho treated with larger 
quantities of sulphate of ammonia, such as mangels and potatoes. 
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i.(\, due regard , being had to the quantity of nitrogen 
the two manures respectively contain. In one respect 
sulphate of ammonia is a miicli more useful manure 
than nitrate of soda, as the nature of its action when 
applied to the soil permits of it being used as an 
ingredient of mixed manures. 

Like nitrate of soda, but even to a greater ex- 
tent, its most favourable action is obtained when 
it is applied along with other manurial ingredients. 
It should be a])plied at h‘ast a month earlitu’ than 
nitrate. It has been shown that in the ca.se of chalky 
soils a certain loss of ammonia in snlphate of timmonia 
is apt to take place, due to tlu'. action of the lime ; and 
this leads us to point out that, in prc'.paring mixed 
manures, care ought to be taken that it is not niixed 
with any compound containing free lime or caustic 
alkali, as otherwise loss of animonia will ensue. It 
sliouhl never, for example, be used along with basic 
slag. 
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Tli(‘ following- |,al)lc Avill cxliiliit ilio production of sul- 
of (UJiiuonia in tins country from 1870 to 1802 : — 


Yr.ir. 


Tons. 

Year. 

Tens. 

1870 


10,000 

1882 

72,000 

1871 


11,000 

1883 

75,000 

1872 


12,000 

1 88 1 

87.000 

1870 


13,000 

1885 

07,000 

1874 


15,000 

1880 

100,500 

1875 


40,000 

1887 

. 113,700 

1870 


48.000 

1 888 

122,800 

1877 


52,000 

1880 

132,000 

1878 


55,000 

1 800 

140,000 

1870 


57,000 

1801 

. 1 13,500 

1880 . ■ 


00,000 

! 1 802 

. 157,000 

1881 


05,000 



Tlio followiu'jj lal)lc. cxliiOits tlm sources, and tlio re- 
spective ([uaiititics from oacli souna-, of the last seven 
years’ production : — 



isso. 

1887 . 

1888 . : 

1880 . 

1800 . 

1801 . 

1802. 

Oa.s-woi'ks . 

S 2 ,r )00 

sr.,000 

OH , 000 

100,000 

102,150 

107,050 

112,000 

Iron-works . 

4,000 

5,000 

5,000 

0,000 

5,050 

0,300 

12,000 

Shale-works , 
Coke and 4 

IS , 000 

21,000 

22,000 

2 . 8,000 

24,750 

20,000 

28,000 

earhonising 1 
work.s J 

2,000 

' 2,700 

1 

2,500 

i 

H ,000 

2,300 

2,800 

5,000 
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FjirJjl f 'sr of 

A MOST iiiiporiiiiit iniunire, niid oiui to tlic history of 
wliidi very pcciiliiir interest ettnehes, is Itoiies. Em- 
ployed lirst in ITT-I, their use has steadily ineri'ascd 
over sinee, and tlieir ])Opnlaiity as a plios])l)aiie inan- 
nie is among farmers in this country (piite nnrivalled. 
hike giiano, altliongli to a less extent, tlui early ])rac- 
tice of using hones has done much to arouse interest 
Ml the proldems of manuring, and to hring home to 
larmers the principles underlying that practice. It 
was from hones that Liebig lirst made superphosphate 
lime, and the distinguished veteran expeilmenter, 
^ir John Bennet Lawes, has told us that the benefit 
iMauaiing from the use of liones on the turnip crop 
first drew his attention to the interesting problem 
connected with the application of artificial manures. 
Bones were first used in Ahirkshire. Shortly after- 
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wards tliey wore applied to exhausted pastures in 
Cliesliirc. Soon their use hccnnie so popular that tlu; 
liouie sii])ply was found iiiadeqiiate ; and tliey were im- 
ported from Ueriiiauy and Northern Europe, Hull 
being tlie port of disemharkation. So largely were 
they used hy English farmers, that Ikiron Liebig con- 
sidered it necessary to raise a warning proti'st against 
their Livish ap])liealion. “ England is robbing all 
other countries of the condition of their fertility. 
Already, in her eagi'rness for bones, she has turned up 
the batthi-fields of l.eijizig, of AVaterloo, and of the 
Crimea ; already from the catacombs of Sicily she has 
carried away the skeletons of many successive genera- 
tions. Annually she removes from tlic shores of otlier 
countrii's to her own the manurial eipiivalcnt of three 
millions and a half of men, whom she takes from as 
the means of supjiorting, and sipianders down her 
sewers to the sea. Like a vanniire, she hangs upon 
the neck of Eni’ 0 ])e — nay, of the entire world ! — and 
sucks the hcart-l)lood from nations without a thought 
of justice towards them, without a shadow of lasting 
advantage to herself.”^ 

JJiffcrmt Forms in vjhich Bones are. used. 

It may be pointed out that bones have done much 
to alter our system of farming, by helping to develop 

^ It is only fair to Liebig to say that Avlieii he wrote these words 
the practically boundless supply of mineral phosphates which we 
now know to exist in many parts of the world was little dreamt of. 
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turnip culture. Used at first in coiiiparatively large 
pieces, experience gradually showed that a liner state 
of (livisioii fai'ilitated tlu'ir iietion. Yet it was long 
before the prejudice in favour of rough bones disap- 
peared ; and it was not till J(S20 that Air Anderson of 
I)iin(le(! introduced nnu'hinery for pi'cpaiing t-inch 
and J-inch l>ones and bone-dust. In the early days 
(if llieir use, hoines were ferincntcul bedore being used, 
ill order to render their action more sjteedy when ap- 
plied to the soil ; and this ])rae.tiee still obtains to the 
[ii'esiuit day in some parts of the country among 
farmers. This fermentation was oftem ef'feeted simply 
by mixing the bones with water, and allowing the 
luui]) to lie for a week or two. In otlau* cases the 
bones were mixed with urine or other refuse matter. 
Tbe most imjiortant step, however, in the history of 
tlu‘ treatinent of bones for manure was the discovery 
in bSdO, by Licddg, of the action of sul])huric acid on 
tliein— a discovery which hul to the institution of the 
numufacture of supcrphospliato of lime by Sir John 
fnwes. Tlic nature of this action will l)e explained 
in the following chapter, so that we need only say 
ln‘r(3 that the efUcacy of the manure l)y treatment 
^'ith sulphuric acid is more than doubled. Hones 
inive thus been used, and still are used, in a variety of 
conditions, such as in the raw or green state, bruised, 
i^ciiled, steamed, fermented, burned, dissolved, and 
inokeii or ground into various states of fineness, to 
wliich the names of ^-inch, ^-inch bones, bone-meal. 
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bfnie-dusL, and lloatcul l)()nes an; i^iveii. AVt; sliall now 
proc(;(;d to di.scu.ss tin; conpxosition of bones, and invos- 
tigate more (‘xactly tin; natiin' of tlieir action. 

( \)iiij)(ts/h'oii uf 

Tin; coni|)osition of bone-tissue \'aries consitU'ralily, 
and depends on the a,L;e and kind of animal to wliicli 
it belongs, as well as to the ])art of the animal fianic 
from wbieb it is taki.m. Hones an; made up of an 
oro'anie and an inor^'anie ])art. Hy stee]iing a piece of 
bone in a dilute acid solution, the inoroanii; ])oilion of 
the bone is dissoUa'd out, and the organic portion, 
which forms the framework of llu* bone, is alone lefl. 
Oil tiie other band, by submitlino a l)onc to the action 
of oreat heat, the orgainc portion of the bone is diH'on 
off, .‘ind all that remains is a <pia.ntity of asli. Tlu' 
proportion of the organic to the inorgani(' matter varies 
considerably in different bones, 'rhe bones of young 
animals contain more organic matbu’ than those of old 
animals. In com])act hones, also, the organic matter 
is greater than in spongy bones. Tlie thigh-bone, of all 
the bones, contains most inorganic matter. In short, 
bones which have to bear the greatest strain are rich- 
est in inorganic matter. Of the bones of animals, 
■fish-bones exhibit the greatest variety of composition,, 
some being almost entirely made up of organic matter, 
while others are similar in their com])osition to the 
bones of ([uadrnpeils. 
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The Orf/dnir Mu (ter of Bones. 

Tlui orgiinic portion of Imnes is almost ciitiroly made 
up of a substance to w]ii(‘]i tlie name ossein lias been 
uivuii, and wbicb, when lioiled for a lonp; time, is con- 
vui'ted into i^elatine. This ossein, wliicli forms on an 
iivcraye from Ibj to 30 per ciMit of tin' weii^dit of bones, 
is uxlrcmely rich in nitro^mi, containing over IS jicr 
(■('111. 

Jnoi'ijonie Bortinn <J' Ihno's. 

Tlio iiiorp;anic ])ortion, wliiidi forms about 70 ])er 
(ctit, is made up cfiielly of ])lios])bate of liiiu'. Tbe 
'liv leg-liones of oxen and shei'j), accordiiiia' to lleintz, 
liave the Following percentage composition: — 


13i(isplialc‘ (if lime 

INrcciit. 

. ns to (fi 

( 'arlioiKitu of liiiu' 

() 1(1 7 

Pluispiliatc of ma;.^iicsia 

1 to 2 

IGiKiriik' of caleiuiii . 

-2 

Oi'j^aiiic iiiatt(!i' . 

2:”) to liO 


AciTii'ding to I’aymi and Ifoiissingault, raw bones 
coiiiain G|* pier cent of nitrogen and S pier cent ol 
water, ruie bones arc thus seen to contain about 
-3 per cent of pbo.spdioric acid and G} ])er cent of 
nitrogen. The composition of the comniereial article, 
iai\\(;ver, dit'lers very widely.. This is due to the fact 
that hones collected from India and America, where 
t^iey liave been long exposed to atmospheric inllucnces, 
^'avo lost much of their organic matter. The amount 
ef sand and" earthy imjuirities also varies very con- 
'‘^iderably. 
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Trrafmciii of Bonvi^. 

Uoiies are used for tlic iiianufactiire of glue and 
gelatine. Tlicse are extracted fruiii them by steaiiiiii'^ 
tlie bones. The bones after trcaitment are used as a 
manure. The improvement noted in tlie action of llie 
bones thus treated led to the introduction of tlie use 
of steamed bones as a manure. l\aw bones are inuv 
rarely used. The fat preseid- in raw lioncs retards 
their decomposition in the soil. Probably, as has been 
suggested, it Ibrms along with lime an insoluble soa]! 
which prevents the mineral matter in the bone boiii,^ 
dissolved by the carbonic acid of the soil. In the ]iro- 
ccss of boiling or steaming a curtain loss of nitrogen 
takes plaeag greater or less, according to the length of 
time they are boiled or steamed, and in the latter ease 
the pressuni applied, A more economical method for 
extracting the fat lias been introduced by using ben- 
zine, but this process is not used to any extent. The 
loss of nitrogen in the former case is more than com- 
pensated for liy their more speedy action as a manure 
when applied to the soil. Pone-meal of good cpiality 
contains from 45 to 55 ^ per cent of phosphate of lime, 
and lU per cent of nitrogen. Our present total con- 
sumption of bones is probably little less than 100,000 
tons per anniiin, of which about half is obtained from 
home collections, over 20,000 tons being annually 
collected in and around London alone.* 


^ See Appendix, Note I., p. 371. 
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A ction of Bones. 

It is well known that l)oncs are a slow-acting rnanurc. 
They may be said to possess botli a niee.lianieal and 
clicmical action when ap])lied to the soil. When they 
putrefy, tlieir nitrogen is slowly converted into ani- 
iimnia, and carbonic acid as wcdl as various organic 
arids arc formed, wliich, acting u])OU the insoluble 
iniaeral matter in the bones, renders it available for 
plant uses. Hones thus, wluni applied in large (pian- 
tilies, may not merely act diiaudly.as supjdiers of plant- 
I'hkI, but in the course of their putrefaction may act 
upon a certain amount of the inert fertilising matter 
uf the soil and render it available. The more readily, 
then,l)()nes ])utrefy, the more sp(;edy will be their (dlect. 
As wo have already ])ointed out, lx.mes, in order to 
iar'i'case their elliciency, are often fermented beiore ap- 
plication. The removal of the fat is another means of 
increasing the rate of their action, but the fineness to 
which they are ground determiiuis this more than any- 
tliing else. Aluch ingenuity lias been exjiended in 
perfe(“ting machinery for grinding bones. At one time 
hi Germany they were pounded in stamps similar to 
fhose used for ore. In America what has been called 
’‘floated bone” has been prepiared. This bone is so 
fhie that it actually floats in the air like flour-dust, 
-Old is made by whirling the bones against one another, 
f he action of bones prepared in this way is of course 
^^^ty -speedy, but the difliculty of applying a manure 



ill siicli a line stiitc of division to the soil is great 
Tlio expense of tlie process ;ilso is eonsidenible. 

The ease witli wliicli hones when gToiind into a line 
state of division putrefy, is evidenced by tlie fact tlial 
bone-liour lias to be saltcjd in order to enable it tn 
keep. Anotlier condition whicli deterniincs the rale 
at which the fertilising niatters in bones becoine avail- 
a1)le is the natnn^ of the soil. Ibnaiunitation, as we 
liave already seen, requiics a plentiful supply of air, 
and a certain amount, but not too niuch, of moisture. 
Consetpiently bones act best in medium soils — soils 
wliich are “ neither too light and dry, nor too close 
and wet.” There can be no doubt tlnit what gives to 
bones a peculiar value in the eyes of the farmer is the 
fact that they form a manure of a lasting character. 
They give what lias liccn termed backbone to a soil. 
Hut the tendency of modern agricultural practice is to 
use (piick-acting manures rather than slow. This has 
been admirably put by Professor Storin’ in the follow- 
ing words : “ The old notion, that those manures are 
best which make themselves felt tlirough a long series 
of years, is now recognised to be an error. The adage, 
that ‘one cannot eat the cake and have the cake’ is 
conspicuously true in agriculture; and just as it is the 
part of iirudeiice in household or maritime economy to 
abstain from laying in at any one time more provisions 
than can be properly disposed of in a year or during a 
voyage, so should the farmer refrain from bringing 
the land an uimecessaiy excess of plant-food. Such 
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tiiod is liiible io .spoil withal in the soil, as well as 
olliL'i- kiiuls ol ])rovisions iliat arc kc[)t too lon,c; in 
A just pro])ortion ot“ food, properly ])rcpared, 
is the point to be aimed at alway.s.” 

Ill view, therefore, of wliat lias just besui said, it 
ini^lit .seem best to u.se bones in the form in wliieli 
lliey :ir(! most speedily available — viz., as dissolved 
liiiiies. This would be so if bones were the only 
SDuree we possessed for the manufacture of siiper- 
jiliospliab', of lime; l)ut we now have', in the various 
mineral jihospbates, almndant and cheajier .sources of 
this v.'duable manure. Tlie ojiinion of leading’ agri- 
( ultiirists and agricultural chemists is rather in favour 
"f a])|)lying bones in the undissolved condition. For 
"lie tiling, it .seems far from economical to utilise an 
'Apeiisive material such as bones for manufacturing 
-tu article whi('.h can Ixi equally well manufactured 
h'lia cheaper materials; for once tlie |)hosphate of 
lime is dissolved, it is equally valuable from wliat- 
nvei; .source it may be derived. (.)f course this is not 
tniitaniount to saying that dis.solved bones as a nian- 
ttre are no more valuable than .superphosphate. In 
dissolvad bones we have, in addition to soluble phos- 
I’bitti!, a considerable proportion of undissolved lione- 
hssue, containing a certain quantity of nitrogen and 
‘'igmiic matter; Imt so far as tlie solulile phos[>hate is 
^"Ucenied, it seems only rational to conclude tliat its 
'-‘llieacy is equally great, whether it be derived from 
I'oiie or mineral phosphate. Another reason is, that 
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much of tli(i cliaracteristic action of bon(3s is lost by 
treating tlicni with sulphuric acid. As Dr Aitlosi 
has [Kiiiited out, tlio germ life in the soil and in tliy 
hones gradually converts them into a form availabli' 
for tlui iioui-islimeiit of [dants; hut to dissolve buius 
with sulpliui ic acid is to kill out the germ life and 
retard the decay of any nucleus of hone in tlic 
dissolved manure. 


J)issi)Irc(l 

Dissolved l)ones, however, are. still nianufactured. 
Formerly thi‘. manure called dissolved hones was oftini 
a mixture of mimual superphosphate along with un- 
dissolved hone-meal, hut rc'cent legislation has stopped 
the continuance of this practice. The composition of 
dissolved hones varies somewhat, the percentage of 
soluble i)hosphate being about 20 to 22 per cent, tlie 
insoluble amounting to from 9 to 10 per cent, and 
the nitrogen from 21, to 21 per cont.^ Another reason 
against dissolving hones is to he found in the ditiiculty 
experienced in dissolving their phosphate. Hones, 
especially when raw, are not easily acted upon by 
acids. 

Cmps suited for Bones, 

Hones are commonly regarded as being specially 
beneficial to pasture-land, to which they are apph^^^ 
as a top-dressing. Turnips, tobacco, potatoes, vines 
and hops are also much henelited by the applicatk^* 
^ Seo Appendix, Note II., p. 371. 
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of bones. In America, mixed vvitli wood-ashes (tlie 
cliiof manurial constilucnt of wiiich is 2 )oiasli), they 
have l)eeii extensively used as a sn])stitutc for farm- • 
yard niiinurc, and liave been applied at tlie rate of 
to G cwt. per acre. In Saxony, according to Pro- 
fessor Storer, 1 cwt. of line bone-meal is worth as 
iiiueh as 25 to 30 cwt. of farmyard manure. 

Jlotie-ash. 

Tlie ash which is left on burning boiu's used to be 
ail article of considerable manurial im])ortaiico. It is 
still imported from South America in some ([uantity, 
and is used chielly in the pottery industry. It is 
occasionally still used to a limited extent for the 
manufacture of high-edass su|)erphos])hates. It is 
extremely rich in phosphate of lime, of which .it 
contains between 70 and 80 per cent; but of course 
it is devoid of nitrogen.^ Bone-ash is best used in 
the dissolved form, as it possesses no characteristic 
ticlioii such as is possessed by ])ones. 

Bone-char or Bonc-UaeJe. 

When heated in a closed retort, bones are not con- 
verted into bone-ash, but into a body called bone-char. 
Ibis body is similar in composition to bone-ash, ex- 
cept for a certain percentage of charcoal — amounting, 
mi an average, to 10 per cent. It contains hut little 
nitrogen and other organic matter. Pamc-black or 
^ See Appendix, Note III., p. 372. 
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boiie-cliar is an article whicli is ])reparc(l in enormous 
quantities for use in siEmir-rclineric^s, where it is usotl 
in tlie purilication of sue;ar. After use it may In- 
renovated l)y subniiUiiifi; it to lieat; but as tliis 
process giudually lessens tlic pi-numtage of carbon it 
contains, after a certain period it l)C(‘omes too ])Oor in 
this substance for elliciontly acling as a lilter. When 
this takes ])lace it is teclmically known as spent char, 
and is used for tlie manufacture of su])erpliosphales. 
Spent char is a. biglily plios]>liatic substance, beiii ;4 
very litth; ])oore.r than bone-iisb, and coiitaining al)oui 
70 per cent of pbosjhiate of limed 

’ Acpciulix, Note IV., }>. :j72. 



APPEXDIX TO CUAPTEK XI. 


XOTP 1. (i*. :U)J). 


Tlio, following analysis will servo lo show the (•< 
position of hone-inoal ; — 


.Moisture . . . • 

10.13 

Organic matt»‘r . 

32.30 

Phos))hate of lime 

■18.10 

Carbonate of lime, magnesia, »S:c. 

7.20 

Insolulde .siliceous matter 

1.67 


100.00 

H^ntaining ; — 


Nitrogen 

3.71 

K(pial to ammonia 

1.7)1 


NOTE 11. (p. :1GH). 
Composition ok Dissoi.ved lh)NKs. 


Tho accoinpanyiiig analysis may ho hikon as roprcsont 
llic averago composition of dissolved hones:— - 


Moisture . . • • _ 

'' Organic matter ami water of comhinatioii 
Monobasic phosphate of lime . . . 

(b<[ual to tri<-ah“ic pho.s}>halc rendered “ .soluble; 
1‘liosphate solul.de in ammonium citrate 
In.scdulde phosphate of lime . . 

Calcium sulphate, magnesia, alkalies, k(\ 

■Sand 


10.10 

29. :u 


i7.r>8) 

M.02 

1..8H 

;]0.2;i 

3.20 


100.00 


’'Containing 

Nitrogen 

E(|ual to ammonia . 


2.62 

3.18 
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Composition of Compound Hones. 

Tli(‘. followiiiL^ unalysis illvisiratf's tlic coinposiiioii of 
(■oinpouud Hoiu's; — 

Moisture . . . _ 

*()rffiuiic inatler ;uul wator of ooiuPiiiation . 117. ‘J2 

Moiiohasic. ]tlios|>lia1(; of lime . . 115.08 

(Kapial to irifalcie ]>lios|iliat(' rendered “ solulde ” 21 .42) 
InsoluVde })lioH|diate ol lime . . . 10.48 

Calcium sulphate, ma»;nesia, alkalies, &e. . 20.02 

Sand 4.50 


100.00 

^Containiuf^ : — 

Nitrogen . . . . 1.00 

Kijual to .ammonia . . . ,2.30 

NOTH III. (p. 30!)). 

As sho4viiig tli(^ coinpositioii of l)onc-asli, the follo\viug 
analysis may ho quotial : — 

JMoistnre ..... .25 

Organic matter . . . . .85 

Phosphoric acid .... 35.56 

Lime 47.09 

^lagnesia, alkalies, (tc. . . . 9.80 

Sand . • . . .6.45 

100.00 

^Fajiial to lricalei<‘ phosphate . . 77.63 

NOTH IV. (p. 370). 

Composition of hone-cliar (on dry sample) : — 

Carhon . . . . . 10.51 

Calcium and magne.sium jiho.sphalc.s, 

cahdum Iluorido, A'c. . . 80.21 

Calcium carbonate . . . 8.30 

C.alcium snlj)h.ate . . . .17 

Ferric oxide . . . .12 

Silica 34 

Alkaline salts .... .35 

100.00 
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MINERAL PHOSPHATES. 

In this chapter we shall j^ivc an acconnt cf the more 
commonly occnrrinj^’ mineral pliospliatos. In (’liapter 
V., where we (li8enss(id tin*, position of ])hosphoric 
acid in agriculture, it was pointed out that mineral 
phosphates were very abundant, and tliat large de- 
posits of them were found in many ])ai-ts of tlie world. 

Coprvlites. 

riofcrence may first he made to tlie so-called cop- 
rolites or phosphatic nodules which have lieen found 
ill great abundance in the greensand formation, in the 
crag of the eastern counties, and iu the chalk form- 
ation of the southern countie^^ These coprolites are 
I’ounded nodules, and are composed of the fossil 
excrements and remains of ancient animals. They 
are found in large quantities in Cambridgeshire, and 
were discovered by Dr Ihickland many years ago. 
fhe history of their discovery is not a little curious. 
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Tlic maniirial ]:)r()])crties of road-scrapings in parts 
of Cambridgcsliiro were*, noticed, and on be*ing c.x- 
amined were found to be in [)art coinposed of plios- 
pbate of liino, derived from pliospliatic nodules dug 
out of the underlying greensand, and used for the 
])urpos('. of repairing roads. Professor Henslow first 
drew attention to tliein at a meeting of the British 
Association held in Cambridge in 1845, and pointed 
out that they contained a])out GO per cent of phos- 
phate of lime. They wer(‘ also found in enormous 
(iuantiti(is in Suflblk, Norfolk, P>edfordshire, and 
Essex, and wei'e for a long time largely used in the 
manufacture of su})er[)hosphate, but of late years 
liave not beem used to anything like tlie same extent, 
owing to the fact tliat there ai“e richer and clieapt'r 
sources of phosplnit(^ of lime available. Tn 1887 
about 20,000 tons of co])rolites were rais(*d. TIk' 
richest were thos(^ ol)taincd in Ca,mbridge, while 
tliose got from Jledfordshire were al.)Out the poori'St. 
Deposits have also been found in France and 
other cmintries. The average! amount of phosphate* 
of lime in English co[»rolites is be‘twecn 50 and GO 
pe‘r e'cnt, while! the! Frenedi contain al)out 45 per 
cent. 

Canadvni Apatifr or Phosphorite. 

We have already referred in Chapter V. to large 
deposits of apatite or phosphorite found in Canada. 
The Canadian mines commenced to be worked about 
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li[t(*en year.s and tlui output now aiiioimts to 
nearly 25,000 tons per annnind A portion ot‘ this ^ocs 
to tlui United States; tlie rest, amounting' to aboiit 
l!0,000 tons, being sliipped to Kngland, whence it is 
again exported to llam])iirg and other ])laees.- it 
contains from 70 to 80 per cent of phosphate. De- 
posits are also found at Estreniadura in Spain, and 
in Norway. 

Edrcmnduro or Spani^ih rin>i^ph<(t(>^. 

lairge deposits of phosphate have long Ikk'h known 
to exist at Estieinadura in S[)ain, and tlui mines at 
baceres have been worked on a laiga‘ scale for seven- 
teen years, and about half a million tons have been 
raised. In 1882 the im[)orts into this country 
amounted to over 5(),000 tons; but latterly they 
iiavo only been about a fourth of this aniount. i)r 
bauberry visited the dejiosits in 18 hi, J^iid wrote a 
most interesting account of them. Ehey do not seem, 
however, to hav(; been imported for })ur])()ses of super- 
phosjduite manufacture till a number of years after- 
wards. Of Estreniadura phosphate there are three 
'■lasses, containing respeiitively 50, 00, and 70 tier cent 
"f phosphate of lime, the lo'West (quality being the 
(-'oiimioncst.^^ 

^ Shicfi the discovery of the Florida deposits of pliospliate, tlic 
"oiking of the Canadian mines has been practically abandoned. 

“ See Appendix, p. 381. 

^ Tliese phosphates arc now no longer worked. 
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Norirrfjian Apatite. 

This apatito lias ceased to be imported of late years, 
owing to «'i duty on exportation. 


Charledon or Aonth Carolina riwsphate. 

For a number of years these deposits have formed 
tlie chief source of pliosphate of lime used in the manu- 
facture of mineral superphosphates in this country 
(in fact they liave furnished two-thirds of our plios- 
phate su])ply during recent years). Discovered twenty- 
live years ago, some four to live million tons have 
already beim sliippiMl. Ahout half a million tons 
were raised in 188() from these mines, which are the 
most abundant in the world. There are two Jdnds— 
the so-called “land” and “rivi'.r” phospliates. The 
former contains more oxide of iron and alumina, and 
is therefore less pure than the latter, in which the 
iron and alumina do not exceed 2 per cent. The 
river phosphate is dredged from the Dull, Coosa w, 
and Deaufort rivers. Of phosphate of lime it contains 
from 50 to 60 per cent. It is generally sold in three 
grades — 50 to 52 per cent, 55 to 56 per cent, and 
58 to 60 per cent of phosphate of lime. It will thus 
be seen to be incapable of producing very high-class 
superphosphates — i.e., containing more than 30 per 
cent “ soluble ” phosphate. This point will be more 
intelligible when we describe the manufacture of 
superphosphate. The demand for these phosphates 
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in the United States has increased enormously in 
ri'ceiit years, owing to the increase in the (quantity 
t)f inannrc used. 


]kJ(j i a n / V< nsph ate. 

Anotlier very important source of mineral phos- 
phates arc deposits discovered some years ago in 
I’ulginm near Mons. Tliesc phosphates are of dif- 
ferent qualities, and are found, some in layiirs near 
the surface in pockets forming the richest class, and 
containing from 45 to 05 per cent of phosphate, 
and some in the form of a frialdc phospliatic rock, 
th(‘ so-called cmic-fjrisc (phospliatic chalk), contain- 
ing from 25 to 35 per cent of phos])hate of lime. 
The, higher (piality of llelgian ])hosphate is pretty 
Well exhausted, and it is the second class that forms 
the bulk of the ordinary Jlelgian phosjihatii at ])resent 
cxpoilod. The commercial article, contains aliout 35 
to 40 per cent of pihosphate, and about 45 per cent 
of carbonate of lime. The fact of its poor (piality, 
together with the large percentage of carbonate of 
linie it contains, renders its adoption alone in the 
oianufacture of superpliosphate unsuitalde. Attempts 
have been made to get rid of a portion of this car- 
bonate of lime and to raise the percentage of phos- 
phate. For this purpose the phospliatc has been 
oalcined, but this was soon found to be a great 
^nistake. Other means have been adopted, with the 
I’^'siilt that the percentage has been increased to 50 
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per C(‘iiL It is coiiscupieutly used in small (piaiilities; 
as a driei', for which it is peculiarly suited on account 
of its carhonaceous nature, aloiiij; with the higher-class 
phospliates. In tlio year 1880 about 145,000 tons 
of this phos[)hate W(U’e raised, of wliich about 45,000 
tons were imported into the Ihiited Kingdom. 

Sounat’ Fho^^phatr. 

Still more recently a discovery of phosphati' de- 
posits has h(*eu made in the Somme and Pas d('. (Oilais 
departments in the north of Franco, adjoining, and 
similar in (diaracter to, the Pclgian deposits. Tlu' 
only dillermice hetwemi 1 Belgian and Frehcli phos- 
phates is, that tlu‘, latter is of a higher ([uality, and 
contains from 50 to 80 ])(?.r cent of ])hosphate of lime. 
A very large (hunand for tlu'se phosphatc^s sprang u]'. 
and ill 1888, although they had only heen w’orked fi'i' 
some two years, no h'ss than 150,000 tons had heim 
raised, of which alxuit oiu'.-half coiitaiue.d from 70 to 
upwards of 75 pi‘T ermt. There are four grades ia 
the market, containing 55 to GO, GO to G5, 70 to 7-', 
and 75 to 80 per cent of phospliate of lime. The 
highest ([uality furnishes tlie chief material for tie' 
manufacture of high-grade superphosphates. 

Florida Ph OHph ate} 

During the last f(*w years large quantities of phos- 

* These deposils were (liscoverod a few ycar.s ago ; and as they aiv 
of eonsidei'ablo extent ainl high quality, Inive entirely revolutioni"' '' 
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phali'S have been imported from Florida. Those; are 
(if (lifli'reiit (pialities, ll)e land rocks now imported 
coiilainin^^ from 70 to 80 ])cr cent of phospliate of 
liuie, and the river jdiospliate about GO per cent. 
Tlu' latter class are similar in composition to the best 
South Carolina river-pliosphates, which they much 
IV, SCI able. 

Lalin PItoqihair. 

hliosphatc deposits were found at Nassau in (h;r- 
iiiany in 1804; but as the; jihosphate contained a 
co!i,sid(!rabh; pro])ortion of iron and alumina, tlu'y 
arc not used in this (‘ountry now, although they are 
in CcTinaiiy for doulde su]»eri)hos}»hate inannfactnre. 

] kit'd ravx or Frrnrli rkorphate. 

Similar in (piality to ladin phosphate is that ob- 
tained in the, neighbourhood of Ilonleaux. 

Aljjri'Kfu P}io>i/tJiiilc. 

IvNcellcnt ])hos])hates are now being smit from Al- 
!4''i ia- some cargoes being as rich as 70 per cent. 

(Jf'ti.U (laano^. 

have already referred to the guanos in the 
nlia]iU'r on Guano. They an; also known under the 
name of Cariljbcan phosphates, and come from the 
^Vest India Islands. The chief kinds are Aruba, 
Furacao, Sombrero, and Navassa, tlic Great (Jayiuan, 

ttc idiospliatc market. About 300,000 tons arc now annually raised 
i'l Finn', la. 
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Rcdonda, and Alta Vela. Most of tliem are of lii;Ji 
quality, containing’ from 60 to <S0 |)(3r cent of ])li()s- 
pliatc, and arc thus suited for tlic manufacturo of 
liigli-clasa su])erphospliatcs. Sonic of them, howevrr, 
contain a considcralilc iiroiiortion of iron and aluniiiiii, 
and arc not suitahlc for this pui’iiosc. Tlic Iiedoii(l;i 
and Alta Vela phosiihatcs consist chiclly of phosplialr 
of alumina. 

Value of Mineral Phosphates as a Manure. 

While it is commonly ri'gardcd as unadvisablc to 
use min(3i’al ])hosphates dii'cctly as pliospliatic maiuu’cs, 
it may well he (jm'stioned how far such an opinion is 
W('irranted hy actual (‘xpericiu'e. Proiossor damiesoii 
of Al)crdeen, in Ids interesting and valuable expeii- 
nients, has drawn attention to the fact that coprolites 
in a fine state of division arc an extremely valuahle 
source of phosplioric acid for crops, and are a more 
(pdckly availabh* source than is commonly sup})nseil. 
Expi.udments conducted elsewhere with ground co])ro- 
litcs and other mineral phosphates corroborate Pi’o- 
fessor Jamieson’s coiudusions. The successful use of 
Thomas-idiospliate lias drawn attention to the possi- 
bility of profitably applying undissolved mineral phos- 
phate to the soil ; and no doubt the practice may ia 
future years be increased. At present, however, with 
the exception of Thomas -phosphate, mineral phos- 
phates alone are used for conversion into super- 
phosphate. 



The following Table snows the Imports of Phosphates into the United Kingdom, and 



Carolina phosphate 
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SUPErriTOSrilATES. 

As was iiiciitioiied in the* (’liaptcr on JUjiias, Lieliiu 
in tlio year 1840 discovered that the (d'lect of addin, u 
oil of vitriol, or sulj)l)uric acid, to ])ones was to 
render the plios[)hate tluiy contain soluble. This 
discovery marked an (^poch in tbe liistory of arii- 
licial inaiiun'S, and laid the foundation of tlic now 
enormous manufacture of su]»crphosphate. In ISO- 
the juries of tlie London International Exhibition 
published an elaborate report containing an intcrest- 
^ig article on the manure trade of Great Lritaiir 
in whi(‘li it was stated that the annual (|uantity of 
su]xu-]jlios])liate then made amounted to from 150,000 
to 200,000 tons. Xow it may be placed not far 
short of a million tons. Probaljly that made in tho 
United States is considerably Jiiore. In the first 
instance, su])erpliosphate was manufactured by 8ir 
Jolm Lawes from spent bone-char. This was super- 
seded by coprolites and Estremadura phosphorite, 
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SiiHulk coprolitcs Iteinjjj for many years ilic cliief ma- 
tciial eini»loyeil. '.riiis in iui'ii was sneccciled by tlie 
1 idler Camln'idge coprulites, but of late y(‘:u’s eoproliles 
have praetieally ceased to be a source of superplios- 
jiliale, tlie oilier mineral ])lios})bal(‘S mentioned in 
lli(‘ jaevious cliapter — sucli as tlie Soulli Carolina, 
r.elgian, Sonini(‘, ckc., pbosjiliates - takiii_u’ tbeir place, 

Mn nn fact nrv of Si/pcrpJiosjtItofc. 

The iiianufaeturc of siipm-pbospbate is of too tccb- 
iiieal a nature to ])crmit of discussion in a work of 
this kind. It is im|)orlant, however, that the ,L,auieral 
hi'iiiei])l(‘s underlying the ])rocess of manufacture and 
the dieinical elianges in the phosphate taking ])lacc 
'luring the jirocess be (diuii’ly understood. In the 
iiF^t ])lace, great inijiortance attaches in tlu^ manu- 
luetiire of the su])erphosphate to tlu* iineiiess of 
'livi.siun of the raw material, and much ingenuity 
lifts been spent on apparatus designed for this pur- 
hose. Hie dilTiculty of grinding the phosphate varies, 
"f course, with the natine of the material tised-^ 
f'l'i^ttte, for example, lieing much more diHicult to 
t'cduee to the necessary lineness than phosphatic 
guano. The liner the state of division, the more 
'''uii|)]o[o will lie the decomposition of the ])hos])hatc 
1'}’ the acid. Mr AYarington recommends that for 
tirst-class work the powder should be so tine as to 
ff'knit of it passing through a sieve of eighty wires 
the inch. After the pliosphate is reduced to 
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powdor, it is iiiix(‘(l with acid. Tliis takes jdace 
in the mixer, wliicli is generally in th(i foian of 
an iron cylinder furnished in the centre with a 
revnhing slnift, the snlphuric- acid used Ijcing the 
ordinary chamber acid (sp. gr. 1.57). Whatever 
strength of acid is used, there must be a certain 
cpiantity of water present to form gypsum. It is 
to the formation of gy[)sum in the resulting product 
that the dryness of -the sn})erphos})hatc is due. Tlu? 
proportion of sulphuric acid used de])ends on tlu“ 
com])osition of the phosphate; ; and here it may he 
pointed out that the ])r(;sence of much carbonate of 
lime is a most im])ortant factor in detciunining the 
quantity of acid reepiiia'd. The reason of this is, 
that where carbonate and phosphate of lime are 
present together, sulphuric acid lirst acts upon the 
carbonate, and it is not till this is wholly decom- 
posed that the phos])hate can be acted upon. 1 fence 
mineral phosphates with a large percentage of car- 
bonate of lime do not constitute such an economical 
jj^iaterial for the manufacture of superphosphate as 
those in which the percentage of carbonate is smalh^ 
A certain amount of heat is necessary for the purpose 

1 This holds lino, it may he mentioiK'd, with regard to tht 
appUeatioii of certain manures, such as hone - char, to the 
lloue-cliar was for a long time used in France as a manure witlmut 
being dissolved. The action of such a manure, containing a eon 
sidorahle percentage of carbonate of lime, is slow’d’ than its aaion 
would l)e were it pure phosphate of lime, as the carbonate of Imr 
is first acted n})on (as in the case of superphosphate manufaetun 
by the soil acids. 
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uF enabling a r[nick decomposition to take place. 
Fur this purpose the siili)linric acid added lias been 
previously heated. In the ordinary manufacture of 
siiperphosplnite, however, tliis is not considered neccs- 
saiy, as the heat developed by the chemical action 
lietwei'ii the pliosphate and tlie acid is sidliciently 
en^at. Tlic pliosphate, after being thoroughly mixed 
with the acid, is discliargeal into what is technically 
known as tlic pit, a cliamhcr built of brick or con- 
crete. The mixture, which is in a lluid state when 
it; enters the pit, very soon hardens, and is dug out 
in a day or two. It is next reduced to powder in a 
•lisintegvalor, and is then ready for use as a manure. 

Nature, of the licacHon takiu(j plaec, 

III order to clearly understand the nature of the 
reaction wlrich takes place when sulphuric acid is 
added to a jdiosphatic material, it may he well to 
^ay a word or two on the composition of the different 
('uinpounds of lime and phosphoric acid. 

Fhosjjhatcs of lAwe. 

In the various phosphatic manures used in agri- 
culture tliere are four different kinds of phosphates, 
fp the commonest form, popularly called hone-phos- 
phate, which is the form in which lime and phos- 
phoric acid arc combined in hones, guano, and the 
'P'dinary mineral phosphates, tlic lime and phosphoric 
•ppd are comhined in the form of what is known as 
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tribasic ])hos])luitc of lime, or tricalcic ])lio.splial(‘ 
that is to say, for every epiiivaleiit of ])lios])lioric 
acid tbcrc are tlireo C(|uivaleiiis of lime. This may 
be rcpniseiited as follows: — 
lime j 

Lime [ Phosphoric acid. 

Lime j 

Or we may also say Hint for cvcay 142 ])arls by 
weight of }»hosphoric acid there are IGS ])aris ly 
weight of lim(‘. in this form of phosphate. This is 
the least solidde form of |)hos]»horic acidd naid is 
the form gciujrally laderred to iu commercial analyses 
as insolul>lc ])hos])liat(‘. A\4ien this plios])hate is 
acted npori with -sidplinrie acid, a solul»l('- plios])hat(! 
is formed, as Liebig first showed, to which the name 
superphosphate has Ikhui given, and whicli is .alsu 
known as monobasic ])liosphate of lime, or mono- 
calcic phosi)bate. This eompoiuid may be repre- 
sented as containing, instead of three ecpiivaleiils 
of lime, only one, the other two ecpiivalents being 
replaced by water. This compound may be rci)re- 
sented as follows: — 

Lime j 

Water Phost)horic acid. 

Water ) 

1 The soluhility of IrilKisie pliosphale, of eoursc, is not alwiiys 
C(iual in dilfcrent inanurcs. For example, the ].ho.sphate in apatite, 
owing to tlio cry.stallino struotnre of that mineral, is not nearl} 
so soluble as the phosphate in phosphatic guanos, although i" 
both eases its chemical composition is practically the same. 
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111 it, For overy 142 jiarts of pliosiilioric acid, there an* 
only 50 ])arts of lime. Tt is soliilvlc in water, and 
yives to the comiiKircial article known as snperphos- 
pliai(i of lime its value. Intermedia, t(; in composition 
l)(‘t\veen tliese two ])liosphati‘s tlien* is another known 
as precijiitated pliosphate of linn*, or dicalcic phosphate; 
(the same as reverted phosphate), which contains two 
eiiuivalents of lime and one (;(|nivalent of waten' as 
follows : — 

Lime j 

Lime. INmsphoric. acid. 

AVati'r j 

This compound contains, for evmy 1-12 ]»a,iis of ]»hos- 
[ilioric acid, 112 ]iarts (4 linn;; and in solubility oecn- 
I’ics an intermediate* pe.isition. laistly, there is a foin th 
'''»iii])onnd of lime and jihosphoric ae-id, which only 
'K'cnrs in einc phosphatic manure; —viz., pln.isphatic 
slug, in which inelee*el it was lirst discovereel — which 
'■insists e)f four (equivalents of lime to one of jihos- 
plioric acid, to which the name* tetrabasic jihosphate; of 
hiiK*. or tetracaleic phosjdiate has been given. Its 
oiiqjositioii may be illustrated as follows: — 


Lime \ 
Lime ( 
Lime 1 
Lime ; 


Idiosphoric acid. 


^h‘, for every 142 parts of phosphoric acid, there are 
—4 parts of lime. Contrary to what we might expect, 
phosphate is less insoluble than the ordinary 
h’ihasic or bone phosphate. This may he owing to 
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the fact that, in the tctrabasic phosphate, there is niorc 
lime present tlian that which the phosphoric acid can 
retain with strong chemical alUnityd In the manu- 
facture of superphosphate the trihasic ]>hosphat(! is 
converted into tlui soluble pliosphate — the lime, wliich 
was formerly in combination with the ])hosphoric acid, 
uniting with the sulphuric acid, and forming gypsum.- 
it was till ixuamtly sup]a)sed that soluble phos|)liale 
and gypsum wert; the only two rt‘sulting products of 
tills dccoin])osition. it has been recently shown, how- 
ever, by Itullle and others, that this is not, strictly 
speaking, the ease, and that probably a large propor- 
tion of free ])hos])horic acid is formed ; in fact, it seems 
probable that in the lirst stage of the reaction, only 
phosphoric acid is produced, and that lliis subseipienlly 
acts upon the undecomposed phosphate, with the pro- 
duction of nionocalcic phos])ha,te.'^ The amount ot 
sulphuric acid which ex])mience has shown it is neces- 
sary to add for the successful and economical manu- 
facture of superphosphate, depends on the composition 
of the raw material employed. The larger the per- 
centage of trihasic phosphate, the larger the quantity 

- ^ For fonimlic of the aiUeicut phosphates, see Appendix, Note L, 
p. 398. 

- For cheinical formuhv, showing reaction, see Appendix, Note Hm 
p. 398. 

^ Of e.onrse it is well known that free phosphoric acid is ohtaiiiL'il 
by acting npon phosphate of lime with an excess of sulphnric acid ; 
hilt the point above referred to as having been recently diseoveretl lo 
that when phosphate of lime is acted npon, even by a small qiian 
tity of sulphnric acid, free phosplioric acid is formed. 
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of siilpliiu'ic acid required for its de(‘()iii])osition ; but 
sometiiiies even a poor phospliate (‘ousuines a, lai>;c; 
amount of sul])buric acid. This is tlie case wlieia; 
mucli cabauni carl)ona.te or lluoride is ])i’eseiit in the 
law ])liospliate, as hotli of lliese eoin})onnds reipiiro a, 
(piaiitity of acid for tladr decomposition, which takes 
place before tlie deiminposition of th(‘ ])lios])liate. 
Ib'iice ])liospliatcs rieli in carbonate of lime are not 
wrll suited as economical maleiaals from wbieh to 
maiiu facture superphosphate. 

Jk rerted Jdi’OHjdi fffas. 

A chaie^e which is a])t to take place in super- 
]>lins|)hate after its manufacture is wdiat is known as 
I'evei'sion of the solulile ])hosphate. Thus it is found 
that on ki'epinL:; supi'rphospliatp for a lonq time the 
pcreeiitapje of solulde ])hosphate Ix'comes less than it 
was at first. The rate at which this deterioration of 
die superphosphate ooes on varii'S in dinbrent samples. 
Ill a well-made article it is jmictically inappreciabhe 
wlu'reas in some superphospliates, made from unsuit- 
able materials, it may amount to a considerable per- 
ceiitai^m. The causes of tliis reversion are twofold, 
bur one tiling, the presence of undecomposed phos- 
[ihate of lime may cause it. This source of reversion, 
however, is very much less important than the other, 
which is the pircsence of iron and alumina in the raw 
material. When a soluble phosphate reverts, what 
b^kes place is the conversion of the monocalcic phos- 
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pliatc into tlio dicalcic. Xow in the livst case, wliart' 
reversion is diu! to tlie presence of undeconipo.sed 
pliospliate, the action takinj^’ place may l)e represented 
as follows : — 

Lime I j' lime ^ \ 

liime j- {ilmsplioric ;i(:id j water / pliosphovic arid 

Liim* j H- ' water ) 

(One molecule of insuludle (One inolecnle of sol- 

l)lios[)liate) ) 1 ulde pliuspliate) ) 

Lime ^ \ f lime ] 

Lime [diosplioric arid lime J- phospliorir acid, 

Watei' ) 4- - water ) 

(One inolecnle of reverted (One nioleeule of reverted 

pliospliate) j t ])liospliate.) 


It may he mentioned, liowever, that reversion from 
this cause proliahly takt'.s jdacc to a very sli^i^ht extent 
ill ])ractice.‘ Wlicre reversion is due to tlie presence 
of iron and alumina in the raw matmial, tlic nature 
of tlie reaction is not well understood, and is conse- 
rpiently not so easily demonstrated as in the former 
case. Wlierc iron is present in the form of pyrites, 
or ferrous silicate, it doi's not seem to cause reversion. 
It is only wlien it is present in the form of oxide— 
and ill most raw phosphatic materials it is generally 
in this latter form'-^ — that it causes reversion in tlic 
phosphate. 

^ For (duMiiical formula' showing this reversion, see Appendix. 
Noto III., p. 399. 

- For chemical the^orics on reversion of soluble phos[)hate by iron 
and alumina, see .\p])emlix, Note IV., p. 399. 
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Wdur o/rerrrkd FhospliiUc. 

The value of reverted pliosphati' is a subject which 
lias ^iveii rise to much dispute among chemists. That 
it has a. higher value than the ordinary insoluble 
|)liosphate is now admitted; hut in this country, in 
the manure trade, this is not as yet recognised. At first 
it was thonght that it was impossible to estimate its 
ijiianlity by chemical analysis. This diliiculty, how- 
ever, has been overcome, and it is generidly admit- 
led that the ammonium citrate ]iroc(‘ss furnislics an 
aeeurate means of determining its amount. Toth on 
the (h)ntinent and in the United States reverted phos- 
phate is recognised as possessing a monetary value in 
excess of that possessed by the ordinary insoluble 
liliosphate. The result is, that raw pliosphates con- 
taining iron and alumina to any appreciable; extent 
are not used in this country, although they do find a 
limited application in America and on the Continent. 

(fo ifipos HI 0 n of Suju rpho.yth ales. 

Superphosphates as manufactured may he divided, 
geuerally speaking, into three classes — viz., low class, 
medium, and high class. The ordinary or medium 
class contains from 25 'to 27 per cent of soluble 
ihosphatc; and here it may be pointed out that by 
soluble ])hosphate is meant the percentage of trihasic 
phosphate which has been dissolved — not, as might at 
lirst sight be supposed, the percentage of monocalcic 
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phospliate. The lower - class superphosphates aiv 
those contaiuing less than 25 per cent, generally 
25 to 25 per cent, of soluble phosphate; while the 
high-class superphosphate may contain from 50 to 
45 per cent. For tlie manufacture of liigh- class 
superphosj)hate only a ('ertain number of raw phos- 
phates are available, such as Curacao and Soinnie 
phosphates, phosphatic guanos, bone-char, &c. Cer- 
tain processes have l)cen patented for the manufacture 
of even more concentrated superphosphates, and by 
them phosphates containing as much as 40 per cent 
of soluble phosphoric acid— he., equal to 87 per cent 
of soluble phosphate — have been prepared. To this 
class belongs the so-called double superplmspliate, 
manufactured at Wetzlar in Cermany. Sucli a con- 
centrated form of manure is naturally very expeiisiM' 
to manufacture, and is hardly to be recommended for 
home consumption. Where, liowever, manures have 
to be conveyed long distances, and the freight is con- 
sequently very high, such a concentrated article may 
be found most economical. 

Action of All inrphoq)] bates. 

When superphosphate is applied to the soil it is 
converted into an insoluble state. In short, the pro- 
cess of reversion is. carried on on a wholesale scale. 
This is due to the lime, iron, and alumina salts which 
the soil contains. In all probability the phosphate is 
finally converted into a hydrated ferric or aluminie 
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])hns])hatc, in wliich form it is gradually actcal upon 
liy tlic sa]) of the plant-roots as roi^uircd. This l)eing 
ilic (aisc, it may be asked, Wliy is snperpliospliate so 
iiiue]i more ra])id in its action than insoluble ])hos- 
pliatc; or why should we he at the trouble and ex- 
p('nse of dissolving tlio plios])hate if it has to heconu' 
insoluble again in the soil '{ Tliis (picstion is one of 
very great iin])ortaiice, for the answer to it furnishes, 
in our opinion, the k(‘y to the whole ])host)hat(‘ (pies- 
tion. When superjdiosphate is added to the soil, 
Ix'iiig soluble in water, it is soon dissolved and ear- 
i'i(‘d down by the rain into its pores, and becomes 
thoroughly mixed with tlK*. soil-particles. It is thus 
soon Jixed in the soil, beyond the risk of being 
wiislied away. The result is, that the pliosphate is 
ohlained in a state of division inlinitely more minute 
than could ever be obtained by mechanical grinding, 
iiiid is, furtlier, most intimately mix(‘d witli the par- 
ticles of the soil. It is this intimate mixture of the 
phos[)liate with the particles of the soil, and its 
loinute state of division, that constitute the oidy 
I'cason for rendering .snperphosjdiate superior in its 
aciion to even the most finely ground insoluble phos- 
I'hates. This opinion is supported by the fact, tliat 
altliuugli the chemist has imitated nature in tins 
flatter so far as to manufacture precipitated phos- 
pbate, he has failed, as a rule, in getting as fa- 
vourable « results witli it as with superphosphate. 
Although the mechanical state of division of the 
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inanufiicUircd precipitiited ])liosj)]iate is pr()l)ably as 
iinr as iliat oblaiiuMl l)y nature from the supeiplios 
])liat(‘, it is impossible to obtain so intimalo a mixtiira 
with the soil-])artiel(is, and liencc the results oblaiiUMl 
are diflerent. For th(‘S(; reasons it will be easily seen 
that the rate of action of the super|)hosphate mns( 
always be (piicker than that of any other form of 
phos])liatic manure. The pliosphate is everywhere 
distributed in the soil. The plant - roots are tlins 
furnished with a continuous supjdy throughout their 
<^Towth, and micro-organisms, whi(di require for their 
development a su])ply of this necessary plant- food, 
are propagated. A regularity in the plant’s growlli 
is thus secured, which is of great importance. Ihit 
while admitting this, tliere are many cases in which 
this greater quickness of ac'tion does not render 
soluble ]»hosphate the most economical form. The 
nature of tlie crop, as well as the nature of the soil, 
may in many cases he such as to render the ap- 
plication of the cheaper insoluble phosphate more 
economical. It is im])erative that the early growth 
of some crops be hastened as much as possible by a 
ready supply of ca.sily assimilable plant-food, in order 
to enable them to successfully sustain the attack of 
certain pests to which they arc liable to succumb. 
This, for example, is notably the case with turnips. 
In such a case there can be no doubt that the value 
of soluble phosphate to the young plants is very great, 
as it enal)les them to survive this critical period. 
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Acfurih of SKjH’rpJini^pluUc mmctimc^ onforounthh'. 
lint even in this ense there may he other conditions 
wliieh render insoluhle pliospluite a ]ireferahle manure. 
Sudi a ease is wliere the soil is of a veiy lij^lit nature 
and is delicient in lime. In this case the acid super- 
|)li()S])hate, not haviivj; the necessary has(i to combine 
with, may ])iove even Imrtfnl to the yonnii,’ ])lants. 
A('(jui'ding to the late Dr Voidcker, a concentratcid 
siipeiphosphato may produce a smaller crop than a 
terliliser containing only a (piarter as mncli solnble 
pliiisplioric acid, when applied to root-crops on sandy 
Soils, greatly delicient in lime. (ois(js such as the 
iil.'ove, however, arci extremely rare; and we may say 
lliat, in tlic case of root-cro])S generally, snperphos- 
I'liiite must he regardc'd as of special vahu'. 

.1 j)])lir((tion of ^iipcrphiixpliotv. 

In any case, superphosphate ought to ])e applied to 
^oil some time before it is likady to Ijc assimilated 
the plant, in order to allow neutralisation of its acid 
'-liaraeter to be fully clTected before the'pl^Tiit's roots 
<-anie in contact with it. Thus Professor S. W. John- 
one of the greatest living American authorities, 
states it as his opinion that recent investigations tend 
h> show that soluble and reverted (or precipitated) 
phosphates are, upon the whole, about equally valuable 
plant-food, and of nearly equal commercial value. 
h>ut as Sir John Lawes, in quoting Professor Johnson 
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to tliG above cfTect, remarks, this opinion is bas('il 
on an experience of American aL^ricnlture, in wliicli 
country soluble ])liosi)bate is cbi(*tly api)lic(l to con-al 
(‘Tops, wliile in this country it i» cbielly a})plie(l In 
turnips. In the case of cereal crops, the. im])ortiiiR’i' 
of a s}»ce(ly early ■^rowtli is not so oreat, as we liiivi' 
aln'ady ])ointed out, as it is in turnips, where tlu' 
dangi'r to tlu^ young plants from the ravages of tlu' 
turnip-ily is such tliat the growth of even a day or 
two may make a very considerabb'. diHercnce. 

of Insohfhlo Phosphate. 

A consideration of the action of superpliospliato. 
tlum, throws a gooKl deal of liglit on tlie conditions 
which detcrnnne the value of insoluble phosphates 
wlien a]»})lied to the soil, and shows tliat tlie stati; of 
division, intimacy of mixture with soil-particles, and 
the nature of the soil, are tlie determining factors. 
Insobdde phospliates, as we shall Imve occasion to set' 
when discussing basic slag, have their l)est action on 
soils poor in lime and rich in organic matter. Tables 
have been drawn uj) with a view to furnishing a guide 
for the value of phos[)horic acid in diflerent manures. 
In the Appendix^ we give tliose of Woltf for 1893, 
and an American table, drawn up for 1892. The 
comparative values of mineral phosphates, as well 
as reruviaii guano and bone-dust, will be further 
referred to in the following chapter. 

^ Soo Appondix, Note V., p. JOO. 
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Bate at v'hirh Sv])(r 2 '>hosphate is applied. 

The rate at which .supcrpliosphatc is a,]»plied to the 
soil varies in differqit parts of the country. In Ihig- 
liiiid '1 to o cwi. ])er acre is c.onsidei'cd jiii iU'crage 
(liH'ssing; wliereas in many ])arts of Scotland it is ap- 
jilii'd in as large quantities as 0 to 8 cwt, per acre to 
llie turni]) crop. The reason why so inucJi lieavier dress- 
ings can he advantageously given in nortluTii ])arts 
of this country is owing to tlui mucli longer period 
nf unchecked growth. In the more soutlnn’ii districts, 
whore the rainfall is less, mildew is almost c(‘rtain 
In ap])(!ar when thii sowing is as early as recpiired for 
a inaxiniuin crop. With it, as wil h other manures, th(i 
'[uaiitity must be determined hy the conditions of its 
application, and the amount of other manure a))plied. 
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TIi(‘ loriniihr, :nul iii(»Ii‘ciil;i,r :iiul 
(if tlu' (lillciv,iil j»lios|»h:iti‘S^ are. 
tal)le 


|)(5i‘('(‘iitage. composition, 
;.;ive]i ill Uie followiii;^ 


Coiiipusil ion in li‘ 


N.niii'. 

Svml.nl. 

l.illir. 

! Water 

1 Clids- 
.i nlie.rie 

Tetal. 

J.illie. 

Water. 

i r)ie>- 

' )ili(ini 

'IVi- or l.)oni‘- 

oCao, IV.O,. 

ICS 

' 0 

; aeiil. 

1 ll'J 

:n() 


0.00 

1.-..S1 

pho.si.liatf. 

IJi- (•!■ ili- itlio.s- 

•-•CaO. 11.0, 

112 

' 18 

! 112 

272 i 

11. IS 

0.01 

52.21 

eliati*. 

Mono- or .sniicr- 

1 r,.o, 

CaO,-JlI..O, 

■ 

1 

i .80 

i 112 

221 ! 

23 -i):! 

ir>.;]0 

00. O' 

pliospliati'. 

l*.,o. 
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iNOTK II. (p. 388). 


lien siil])!nirie acid is added to ti'icalcic pliosjjliate, thn 
following reaction takes place : — 

(1.) ;3CaO, ?.,(), 4- 2(11,0, SO,) 

(Tricalcic {iho.sphatc), (Sulphuric acid), 


- 2(Ca0, S( ).^) 

((Jyp.sniu), 


-f CaO, 21[,0, ]»,0^ 

(.Moiioculcic phosphate). 


(2.) 3CaO, + 3(11., 0, SO,) = 3CaO, SO, + 
3H,0, P,0“ or 21I,P0,. 
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NOTK Til. (p. :VM)). 


This C(|u:iii()]i llic (‘licinicrtl ri'aciioii takiii;; jtlacu 

wlitii soIuIjIu pliosphaic is rovcrtial, owing io ili<- presence, 
dl' uiidissolvad plios])halc : — 


dCaO, + 

(Ti'icalcic pliosphale), 

- 2(;a(), iLo, r/)- 

(Dicalcic phos^dian-), 


CaO, 21 IJ), lyk 
Moiiocalcif jdiospliate, 

4 - 2 Ca(), 11 J), ly);, 

(Dicalcic ]»li(i.s[tliatc‘). 


NOTE IV. (p. :«)(»). 

“- 1 114 wliat Ibo mictions arc wliich arc produced l)y ilit- 
irtjii and aliuniiia coni])Ounds has never been made out 
VL'iv (dearly. Ibii some idea of tdiem may la* gained Ironi 
the following sugge.stdons, wbiidi wei'e thrown out by the 
Kuglisli (diemisl Paiter.son. Sup)»ose tb(‘, sulpliurie a(dd 
dissolv('d a (pmntity of iron or alumina, iboii we m:iy 
iiavi' tlio reaction : — 

Te,,();,, dSO., 4 (taO, 2 II.,(), lyb = Fe./hj, 4 
CaO, SO;; 4 2 (ll..O, SO..), 

and the free afdd tbii.s formed would proeecul io dissolve 
nil li e iron or alumina from the. rock ibai bad ]>reviously 
''"' aptal decomposition, and the reaction here formnlated 
''■'add occur again and again. ILen*. wc have a cumula- 
tive process continually increasing the quantity of insoluble 
^ TVO;-^, and diminishing in the same proportion the 

■soluble IV, ( 4 . Again, we may have .simply — 

2Fed).j 4 3(CaO, 21LT), ICO,) = + 

3CaO, lyC; 

'vliere three molecules of the soluble [diospborie acid are 
^aade to revert to the insoluble state at one l)low. 

“ In case the iron in the original rock were, in the state 
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of ferrous oxide, perluips tlio following reuelioii iniglii 
occur : — 

\(\uiO, s().j d- 20 f Cao, jr.o, r/K + 3 CiiO, \v). = 

111 ;ill ilies(! (‘ipiatious, exce])l the last, aluiuina Avaiiild s(‘i'v<.' 
as well as oxidi; of iron.” — ( I'/Vc »Stoi’er’s ‘ Agi'iculliiial 
Chemistry,’ vol. i. pp. !17(5, 277.) 


NOTM V. (p. 3!)(i). 

Tlu! following table shows the ivlative trade values ul’ 
pliosphoric acid in dillV'reiit inaiuires: — 

1. — WoiiKF, isua. 

J’liosphato .sohil)h‘ in water (a.s ill super) . . 100 

Precipitated phosidiate, Peruvian guano . . 92 

Keverted phosphate, tinest steameal bone-dust, lisli- 

guano, [)oudrette ..... So 

. Phosphatie guanos (Balcer Island), wood-ashc.s . 7r* 

(.'oarser bone-dust, jiowdered animal ehareoal, bone-ash 07 
Ooarsi! fragnumts of bone, powdcreil phosphorite and 

coprolite, Thomas-slag, tannyard manurci . . 00 

11.--A.mi:ki(:AxV, 1892. 


Phosphate soluble in water .... 100 

Phos[)hato soluble in aniinoniuni citrate . 94 

Fine l>one-dust, powdered llsh . 91 

Fine medium bone ..... 74 

Medium bone ..... 60 

Coarse bone . . ... 40 ' 
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CllArTEli XIV. 

TlIOMAS-rnOSrilATE OR P.ASIC SLA(J. 

In tliLs substauce \vc have a most iiii])()vtant addition 
to our phosphatic manures. It has l)een in the market 
siiioe 1880, and the consumption alone in Germany 
ill 1887 amounted to nearly 800,000 tons. In this 
<'ouiitry it is only now beginning to be used to any 
ox tent. 

JU Mamifactun. 

Thomas-slag is a bye-product olitained in tlie manu- 
laciure of steel by what is known as tlie “basic'’ 
I'locess. Tn the year 1879 an improvement in the 
^vell-kIlown “ Bessemer ” process was patented by 
Messrs Gilchrist & Thomas. It must he explained 
tiiat in the manufacture of steel from pig-iron certain 
iiapuritics in tlie raw material have to be got rid of 
ill 'U'der to produce a good steel. Among these im- 
I'Uriiies one of the most important is phosphorus. 
d'his is owing to the fact that even a very small per- 
oentage of phosphoric acid in steel has the effect of 
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rendering it brittle. The extraction of tlie jdios- 
pliorus from the raw niateadal was fonnerly, liowevcr, 
attended witli Aany serious di(Ueultics, and had the 
efleet naturally of rendering steel a costly article, 
inasmuch as only the purer kinds of pig-iron coidd Ije 
used for the purpose*. 

By the introduction in 1879, liowever, of tlie 
“ Thomas - (lilchrist ” or “basic” process, tlu^se ditli- 
cultics were very largely overcome, and tlu; eiu])loy- 
nient of even smdi impui’e irons as the Clovelaiid 
(containing comparatively a large ])ercentage of ])li()s- 
phorus) was rend(*red |>ossible, and the price of sU'el 
consefpumtly gcnierally very much reduced. The ])re- 
cess consists of submitting the molten pig -iron to 
a very great heat in a p(i}ir-sha]:)ed \'essel (known 
techidcally as the “ coiiverter This is open at tlie 
top, and is sup])orted on hinges, whi(*h permit of its 
being moved so as to })our oil' the scum which rises te 
the surfaces at the end of the operation, and whieli, 
we may explain, consists of “basic slag.” In tlu' 
original process the sides of the “converter” were 
lined with fire-bricks, consisting largely of silica. 
This process was known as the “acid” process, in 
the “ Tliomas-Gilchrist ” process, however, the sides oi 
the “converter” are lined with lime (dolomitic linic- 
stone being largely used), lime loeing iilso added to 
the pig-iron. An air-blast is injected through the 
molten mass, and the impurities are burnt, or oxidised 
as it is chemically termed. The phosphorus in ti>e 



DISCOVEKY OF ITS VALUE. 


•io:5 


iloii is tlnis converted into phosphoric acid, and, 
niiiliiiL;' with the lime, forms ])lios])hate of lime, 
which ris(\s, as w('. have already said, to the surface in 
the form of a scum, and is separated from the steel 
ly liciiiL? ])Ourcd off‘. 

Nol ( (I fil’d nscil. 

This, then, is liow the Tliomm-dati is obtained. It 
I lid not seem, however, for sonu; years after tl ie in- 
liTKluction of this ingenious process, to have struck 
any one that this ri(;h phos])liatic bye-product might 
I'love a valualde addition to our artilicial fertilisers. 
Ihc result was, that the Thomas-slag was treated 
as anotlier of the only too numei'ous valueless l»y()- 
I'l'oducts whicti .seem to be necessarily incidental to 
niost of our chemical and other maiiufactun's, and 
was allowed to accumulate in largii (jiumtities without 
''cing used for any ])ur])Ose. 

JJiscori ri/ of iU / n/cc. 

In 1(S(S:> some short articles published in (lermany 
tlie subject were the means of first drawing the 
''ttention of the public to its importance as a manure, 
i hiring the years 1884 and 1885 numerous experiments 
Were carried out on the .suliject in the .same country; 
•uul irom then up till the pre.sent hour it has l)ecome 
iiiore and more extensively used in Germany, till in 
as already stated, its consumption amounted to 
^h‘arly 800,000 toms. 
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(\)mposUion. 

Il consists mainly oi‘ pliosj)]uitc of lime, silicate 
of lime, free lime, free magnesia, and oxides of iron 
and manganese. Its composition, of course, naturally 
varies ; but the following may be taken as an average 
analysis : 

Ter (viit. 


*Pli()s])lioric !icid . . . .17 

jjime ill coml)iruiii<»ii willi pliosplioric, silicic, 
sulphuric, ;iiul caibonic. acids . . 40 

Free lime . . . . .15 

().\ide.s of iron . . . .12 

*E(pial to tricalcic phospliate . . 37 


As a rule, the phosphoric acid varic's considerably, 
ranging from iO to 20 per cent — that is, from 2L^ to 
44 per cent tricalcic phosphate. This is owing to the 
dillerencc in the. ptU'cenlage of phosjihorus in the raw 
material and the quantity of lime added. Attempts 
have been made in Germany during the last two or 
three years to obtain a slag richer in phosphoric a(Tl 
than that obtained heretofore, and a process for lias 
purpose has been patented by Trofessor Scheiblor. 
This consists of a slight modification in the onli- 
nary pnacess. In.stead of treating the pig-iron witb 
an excessive rpiantity of lime, the amount added n 
not suHicieiit to elVect the complete dephosphorisalioa 
of the iron. The resulting slag is very rich in phos- 
phoric acid, and is correspondingly poor in iron. Ihe 


8e(i Appendix, p. 417. 
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iiMi is Uicn iii^aiii treated with fresh lime, and tlie 
jihosplioi'us com})lclely rimioved, wldle the same lim(‘ 
may l)e. used over a^aiii. Sueli slai;' forms a very much 
more conceutratcd ])h()s])liatie manure tlian tlie ordi- 
nary slag, and is known i^ntnd phviiphaic mail. 

A point which not only renders the slag a jU’odiict 
Ilf ])ecidiar interest from a chemical point of view, l)ut 
lias a most important bearing on its value as a manure, 
is lh(i nature of tlu‘. compound formed l)y the union of 
llie lime with tlie pdiosplioric acid. 

In the ordinary so-called raw jliosjliates, such as 
toiie-mcid, bone-ash, coprolitcs, I've.jthe lime and phos- 
]ilmric acid are combined in the form of what is known, 
in clicmical phraseology, as trihask phosjihutr of lime. 
That is to say, that f(»r every eapii valent of phosplioric 
iK'id there arc three equivalents of lime. Now it was 
naturally concluded at first that the triluisic t>hosphate 
was the form in which thestJ two substances existed in 
the slag. This, however, was found out not to bo the 
case, in the following wmy. On allowing the slag to 
c^’nl, it was found that small hut perfectly defined 
ciystals were formed. These crystals, by careful analy- 
were shown, first by Hilgcnstock, to consist of a 
hjiTii of phosphate of lime hitherto unknown, in which 
ecpiivalents of lime were combined with one 
^'qnivalent of phosphoric acid, and which was therefore 
^-alled “ totrabasic phosphate.” 
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/*ron\^srs fur jyripariiifi Slu f/. 

As soon ns tlie idea of uUlisinjf llio slac^ as a niaiimv 
was su<^;L;estod, various plans for extracting its ])li()s- 
])]ioric aeid, and rendering it a,vailable as plant-fooil, 
were devised. Tluxse weni deemed lu^cessaiy, it wii'^ 
thought, by tlui very insoluble nature of the plios- 
phates in tlui slag, as well as by the supposed inju- 
rious action which would be cxmAed on plant-1 ih; ty 
the protoxide, of iron it contained. Accordingly, a 
large number of patents were taken out, “covering 
almost (wany com^eivabh; method for treating the slag, 
whether practical >le or not. They all in the main 
are combinations or variations of the following pro- 
cesses : — 

“ 1. of (/u: >S7c//. 

(a) r>y treating molten, or otherwise, with super- 
heated st('am, or cowling wlnm hot with water, 
to reduce it to small pieces or to a fragile 
state. 

(h) (h’inding. 

(c) Treating with water to wash out free lime, or 
with sugar solution. 

(d) Ivoasting in the air, or with some oxidising 
agent. 

“ 2. Solution of the Slaff. 

[a) Comi>lelcly in weak or strong acids (hydro- 
chloric, sulphuric, &c.) 

(/;) Fartially, so as to dissolve the phosphates 
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null silicates of liino, and leave most of tlie 
iron and manganese oxides. 

‘‘.‘J. rirriplfadoii of the plios])hon{^ acid, with lime 
or iron salts ; or, 

'• l*rocesse,s in wliic.li the sla,e; is smelted with char- 
coal, to reduce phosphates to phos])liid(‘s, treaURl with 
acid, and the phosphiiretted hydrogen hurnt to phos- 
])]ioric acid ; and, 

“ Processes in wliich tini slag is fus(ul with soda or 
jiotasli salts, — caustic, chlorides, sulphates, carhonates, 
- with or without steam being forced througli, to form 
soluble alkaline phospliates.” ^ 

Many of these ]:)roc(‘sscs were tried ; but it was 
ioand liy cxp(ndment that the best and most ecoiio- 
aiical way was by apjdying tlie slag direct to the 
.ground in a st:ite of very tine powder. Experiments 
birUicr sliowed that it had not the injurious effect on 
vegetation which it was feared it would have from 
the protoxide of iron it contained. The discovery 
tliat its pliosphoric acid existed, as has been already 
ax])lained, as a tetrabasic })hosphate of lime, has 
drengthened the opinion that this is, tlie best method 

application. 

A good deal has been found to depend upon the 
fiiiciiess of the ground slag, with the result that it is 
now commonly sold on a mechanical as well as a 

^ paper on “Basic Slag: Its Foruiatioii.'’ By Stead and 
hib.sdale, ‘ Journal of the Iron and Steel Institute,’ 1887, p. 230, 
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chemical analysis — i,c., tlie slag is guaranteed to p;iss 
through a sieve of a certain fineness. 


^ of Slog. 

Professor Wagner of Darmstadt has carried out sciik', 
extremely interesting experiments on the solubility 
of slag. He found tliat very finely powdered slag 
was dissolved in carbonic acid water to the extent of 
36 per cent, while, similarly treated, ])hosphorit(i only 
dissolved to the extent of 8 per cent.^ Another very 
important solvent is dtrate of ammonia. Peverted 
(or precipitated) phospliate is entirely soluble in it, 
and phosphate soluble in it ought to be valued 
as worth more than that wliich is not. Now, the 
solubility of Tliomas-slag in citrate of amnionia was 
found by Professor Wagner to be no less than 74 per 
cent, wliile that of phosphorite only amounted to 4 
per cent. These results were corroborated by Pro- 
fessor S. W. Johnson, who found that of the 1,9.87 
per cent of phosphoric, acid contained in a sample of 
basic slag, no less than 19.57 i)er cent was soluble iu 
ammonium citrate, while a finely ground sample of 
phosphatic rock yielded, on analysis, only 1.81 per 
cent soluble in citrate of ammonia, of a total of 29.49 
per cent phosphoric acid which it contained. Pro- 
fessor Fleischer has also tested the comparative 
solubility of basic slag and phosphorite, by boiling 

1 Vide Professor Wagner’s pamphlet, ‘ Der Dllngewerth iind 
rationelle Verwendung der Thomas Schlacke,’ Darmstadt, 1888. 
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them in a solution of acetic acid. The former was 
hiiind to have been dissolved to the extent of 10 p(‘r 
eeat, while the latter to only 5 ])cr cent. A lii^’ldy 
iiiU‘restin(^' jind most important expiu’iment was per-« 
foi'iiied by Mr Heinrich Albert, of lliebrieh. One 
; 4 iammc of l)asic slag and 100 grammes of peat were 
mixed together in a litre of water, and it wsis found 
that, after standing for fourteen days, 70 per cent of 
tlie pliosphoric acid contained in tlui slag was rendered 
soluble. 

In the above experiments it was found tliat tin' 
Jiiu‘iU'ss of (jri'/p I ill [/ hiid a marked effect on tlie solu- 
hility of the slag, and that the liner it was ground 
the greater was its solubility. This has been further 
ilemoiistrated in Professor Wagners practical ex- 
]H‘riiii(3nts. From these it was found that finely 
ground slag has an action four times as quick as 
coarse slag ; but that, as far as practical results were 
concerned, there seemed to be a limit to the fineness 
to which it was advisable to grind the slag, as slag 
above a certain fineness did not give better results 
tban a coarser slag. At any rate, he found that 
of a fineness so great that it all passed through 
a gauze sieve, gave no better results in his experi- 
aients than slag which left 17 per cent behind. 

may say, however, that the finer the slag is 
ihf'exind, the (greater ivili its activity as a vianure be ; 
and that a certain degree of fineness is absolutely 
necessary to cons’titute it an active fertiliser. As 
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Professor Wa^t»ner’.s experiments are among tlie most 
vahial)l(‘ and (H)mj)l(4:(^ carried out on basic slag, we 
shall giv(! a somewhat detailed account of theiii. 

Ihn'iiixlntll hVprri iiK'ii Is. 

J’rofessor \\hignei-’s experiments were carried out 
on such diftereiit kinds of crops as ilax, rape, wheat, 
rye, barley, peas, and white? mustard, and the ol)ject 
(jf the experiments was to ascertain tlie conipara- 
tive activity as fertilisers of snpcr])hosplia.te, basic 
slag of diHeniiit degrees of hneness, Peruvian guano, 
damped bone-meal, and vciiy finely ground cojiro- 
lites. Ill orihii* to obtain a correct estinnite of the 
redative value of tliese different forms of phospliatie 
manures, it was necessary to n'lider the nitrogen in 
the bone-meal and the nitrogen and potasli con- 
tained by the IVu'uvian guano inactive — if., to limit 
the test strictly to phosphoric acid. This was done 
by adding to the super, basic slag, and coprolites, 
(piantities of nitrogen and potash equal to those 
contained by the oth(?r manures. There was further 
added to all the experiments (the unmanured ones, 
of course, as well) an excess of nitrogen and potash. 
Tn this way tin? increase in returns could only he 
due to the phosphoric acid. 

The general results obtained from these ex pen- 
ments may be summed up as follows: Taking the 
activity of “super” to be represented by 100, then 
the relative activity of — 
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Basic slag of No. 1 ’ iinenoss is . , (H 

Basic slag, N(t. 2 ■' .... oH 

IVi'uviau guano .... 2,0 

Basic slag, N<i. B . . . 1 4 

Bonc-incal . . . . .10 

( '()|irolit(‘s .....!) 


Kroui llu\se n'solts the viiliu; of the eoiiimercial 
article lias heeu atleiii])tiHl to ])e ascertained. As it 
coatains 80 per cent or therel>y of tine nuad and 80 
|>ci' cent of coarse, its activity may be stated to he 
oO, or half as active as super, 'nuis 2 ('Avt. of basic 
slag is eapial to 1, cwt. of siq)cr. This only refers to 
the hist year’s (dlect. Ih'ofessor Wagner lias made 
fui'tlier e.\|)eriments as to the after-eClects of the differ- 
ent manures, with the result tliat he has found that 
the after-effects of the basic slag are even heUer than 
those of th(', “super.” This stands to reason, for if 
twice as much pliosphoric acid he added in the form 
ol basic slag as is added in the form of “super,” 
tnid the effect of tlie first year is similar — that is, 
tile same rprantity of pliosphoric acid is assimilated 
ib' the plant from the soil in liotli cases — there is 
naturally more phosphoric acid left behind in the 
^oil manured with basic slag than in that manured with 
•‘^Rlierphosphate of lime. For example, if 100 lb. of 
stiper has the same effect in the first year as 200 lb. 

^ 0 . 1 rnieiicss was such as pa-ssed eiitiicly through a line gaiizo 
■‘^cu’c of 250 wives to the linear inch. 

No. 2 fineness was such as pa.ssed entirely through the regular 
^fiunia](t .sieve — i.c., containing 120 wire.s to the linear inch. 

' No. 3 was what would not pass through the .standard sieve. 
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of basic slag, ami it is found that only GO lb. of thr 
su])er and tlu' l)asic slag liavo bccm assimilated tlie iiisl 
year by the ])lant, it is only mitural to comdiide that 
tilt', remaining 140 lb. of the basic slag will have a 
better after-t'Ubct than tlie rtanaining 40 lb. of super. 
This has been actually proved to have been the case 
in Professor’s Wagner’s exjieriments. The following 
are the results of some ex])erimeni-s which Professor 
Wagner has earrit'd out on the after-effects of difter- 
ent manures : — 


Out of 100 parts of ])hosphoric acid, there was 
removed by the lirst year’s ta’o]) 


Supur 

03 

Peruvian guano 

22 

Pone-meal 

7 

Coja’olites. 

Thomas-meal — 

G 

No. 1 liiienes.s . 

3!) 

No. 2 „ . 

43 

No. 3 It 

15 

Out of 100 parts of phospl 

mricacid h'ft by the first 

crop, there was removed 1 

)y the three succeeding 

crops — 

Super 

30 

Peruvian guano 

0 

Bone-meal 

13 

Coprolites 

Thomas-iueal — 

0 

No. 1 lineness . 

14 

No. 2 „ . 

29 

No. 3 II . 

24 


Nnineroiis other experiments have been carried out 
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by various experimenters In different parts of CJer- 
inany which it is unnecessary to cite here. None, 
however, are so complete as those of Trofessor 
Wagner. 

Iirsults of other Ex’perimenfr. 

In this country experinumts Iiave been carried out 
at liotliamsted, (Jirencester, Downton, llangor, and by 
Ih’ Aitken at tlic Highland and Agricultural Society’s 
stations, as well as (dsewluire. The results of these 
various experiments naturally differ considerably, this 
l)eing owing to the difference in the nature of the 
soils upon which the experinumts were carried out, 
as well as the different degrees of lineness of the slag 
used. They all, liowawer, serve to contirm Trofessor 
Wagner’s general results. Tlie results oldained in 
^(‘otland by Dr Aitken at the Highland Society’s 
stations were especially favourable to biisic slag as 
a phosphatic manure. The experiments were carried 
out on turnips, and it was found that tlui Thomas- 
dag was, weight for weight, superior to superphos- 
phate. It may be added that the slag used in these 
oxperiments was ri(*h in phosphoric acid, and was 
iu an unusually tine state of division. Experiments 
oarried out by the author liave proved slag to be, 
on various Scottish soils, one of the most economical 
I'bosphatic manures to apply to turnips.'^ 

We will sum up, in conclusion, the deductions 

' ‘ Tnuisactioiis of the Highland and A^frieultural Society,’ ! 891 ; 
■ ‘'liemical Kews,’ 1893, 
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wliiHi iiiiiy bo i'airly drawn from tlio n'.sults of all llic 
al)ovo-nioiitio]io(l cx])oriiuont.s as to tlio valium f)f Icisic 
cinder as a manure. 

>Sb//s mod milted for Slo//. 

Alllion^li its action is undoubtedly more favouralilo 
oil some soils tban others, it may be broadly stated 
that ^(merally its ])bosj)lioric acid is half as ralnahlr 
as that in solubbi ])bos])bate. Tlio soils on wliicli il 
will have the most marked eirect will be those of ii 
pt'al// naluri^, yiacr in lime, but rich in onjanu' laalhr. 
Tlui beueficJjil results obtaimsd by an a])])lieatioii af 
lime to pi'aty soils an' W(dl known. As the slag con* 
tains a, large ])ercentage of free liiina it thus performs 
on such soils a double funution. On meadow-lands, 
all kinds of ])asturc-lands (if not of too dry a cliar- 
actei ), and clay soils ])Oor in lime, its action has been 
shown to be especially favouralde. Of diilerent kinds 
of crops, those best suited to benefit from the slag 
as a phospbatic manure are those of the leguminous 
kind. This arises from the fact that their period of 
growth is longer than that of most other crops. 

Rate of AirpHratioii. 

As to the rate per acre at wliich the slag ought to be 
applied, there will naturally be a difference of opinion. 
Professor Wrightson, of Downton Agricultural Cnh 
lege, recommends that it should be applied at the rate 
of from 6 to 10 cwt. per acre. This, of course, is vein 
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libi'i'al inaiiiiTiiig. Wc must remember, liow(;ver, tliat 
])]i(is))]iatic manures, unlike nitroi^cnous manures, and 
to some exU'iit potasli manun'.s, may be applied in 
even excessive (juantities without any risk of loss. It 
is impossible to measure out our pbospliab'. manures 
ill tile same aeciirale mann'er as we imsisure out our 
nitro'^cn. It is safer, therefore, and on tluit account 
iiioi'o economical in tlie lon^^’-run, to apply our ])bos- 
liliate in excessive (piantity than the riiverse. The 
ivason of this may he shortly (‘X[)lained. The phos- 
jtlioric acid which is natui'ally -[iresent in most soils 
is with dilliculty soluble. Only a small quantity is 
yielded daily to the plant. This (|uantity may, under 
iavoiirahle climatic conditions, he sulhcient; hut these 
lavoiirahh^ iniluences nevui' last very long at a time. 

kor three weeks, ])erha])S, the ])lant may experience 
thought, and during this jieriod it takes up no phos- 
I'liorie acid, and its growth practically comes lo a 
•‘standstill; hut this period of drought is followed by 
lain mid warm weather, and the plant, if it is to he 
I’h'e Viy harvest-time, must make up for lost time. It 
"oist grow as much the next few days under these 
•‘ivourahle climatic conditions as it would have grown 
ender normal conditions in double or treble the Lime. 
ki erder to do so, however, it must he able to obtain 
I'lcnty of phosphoric acid, and this is only possible 
^vliere there is a decided excess of phosphoric acid 
hi’t'.scnt in the soil. 

J^ke richness of a soil, tlierefore, in phosphoric acid, 
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must be such tliat it is not only able to supply the 
ordinary wants of tlie plant, lint to provide an excess 
wbeii sucli an excess will be needed; for one must 
remember that the amount of j^ilant-substance formed 
in tlic course of a few days under favourable condi- 
tions is very j^reat, and tliat the amount consequently 
of pliosplioric ac.id which plants assimilate durini^ 
tliat period must also be very considerable. 

]\I('l1io(l of A pidiadion. 

In conclusion, as to tlm metliod of application of 
the slaq, ai^riculturists must be ivarni'd afjainst midioj 
it v'ith. sKfjihale of (unmonia ; for if this is done, ii con- 
sidemhlc Ions of amrnonuf will ensue, set free from the 
sulphate by the action of* the free lime which the 
Tbomas-slao contains. Witli nitrate of ,soda and 
potash salts it may be freely mixed. Such mixtures, 
liowever, are apt to form themselves into little balls, 
which soon become very hard. They should therefore 
only be mixed shortly before use. To overcome this 
dilliculty, I’rofessor Wa<,nicr recommends the mixture 
of a little peat or sawdust with th (3 slag. 
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XOTK ()). 104). 

l'\)r those iiioiv. ]);iriiriilai'Jy iiit(‘r(‘si(‘cl, wi- aiijx-nd a full 
analysis of the sla,<.(, taken fiami .Messrs Stead and idhsdale’s 
lia]i(‘riii the, ‘Journal of the Ii-on and Steel In.stitiite,’ |S(S7, 
vol. i. p. 222 

taiuc . . . . . ll.r)H 

. . . t).lt 

Aliiiiiiiia ..... 2J>7 

I'ci'o.xidc of iron .... S..04 

I’roioxide of iron .... 14.(12 

I’roto.xido of nuinyaiioso * . . 4.711 

Trotoxido of vanadium . . 1.211 

Silica ...... 7.4S 

Sulphur t . . . . . .24 

Calciuni) ..... .41 

Sulpliuric, aidiydrido .... .12 

riio8})liorii; acid ... 14.44 


1)9.93 


2 D 
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Ilf'/ /(lire f til po } '/ a 1 1 (W. 

In Clia])tL'r \'I. wo oul l.liat ul' the Him.' 

iiiaiiurial iiiL;roalioiits potash was the one most ahun- 
(laiitly occurring, and that, coiisc(|Ucntly, the necessity 
of adding it in the form of an aiiihcial manure i'n- 
isted less frequently tliaii in the case of nitrogen or 
phosphoric acid. It was further pointed out tliat, 
under the ordinary conditions of agriculture, a greater 
restoration to the soil of the potash removed in the 
crops was made in the straw used in farmyanl 
manure than was the case with regard to the other 
two ingredients. ]_)espitc these facts, there are many 
cases where the addition of potassic manures is of the 
higliest importance in increasing ])lant-growt]i. It 
will be well, therefore, to devote a little spatu* to 
considering our diflerent potassic manures and their 
respective action. 
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Sailliii/i sitiijdiiil inlli, I’oUish. 

I'utassic uiiumres arc not so vahialjlc in this conn- 
try since experience 1ms shown tiiat most Scottish 
sn'ils are alnindantly supidie.l vvitli this nianurial in- 
yiv<licnt. Moreover, muter the conditions ot most 
I'.uroiican fanning, there seems to he a steady gam to 
soil of potash. In America, however, the a^ion 
Ilf iiulasli as a mminrc seems to be more .strikingly 
illustrated. Indeed, wherever forage crops or straw 
are sold olV the farm in large (jnantitie.s, or where 
Ijcels, calibages, carrots, potatoes, onions, Ac., are also 
grown in large (luantitics, the necessity for potash 
iiiaiiuriiig genovally arises. 

Sources of Polossic Mo n a rcs. 

Tlie value of potash as a nuiiiurc lirst came to lie 
leeo, pulsed from the favourahle action of wood-ashes. 
Of course their favourable action is not due solely to 
liotiush, as tlioy contain, in addition to the other ash 
ingredients of the plant, phosphates ; and their value 
as a manure may also be said to depend not a little 
oil their indirect action. They contain a certain per- 
cciitogc of caustic alkali, which promotes the de- 
coiiiposition of the nitrogenous matter of the soil, 
but imiking due allowance for these otluw valuable 
lU’opm'ties, the chief value of wood-ashes is nndouht- 
cilly due to the potash they contain. Hence the use 
nf the commercial article called potash, which is a 
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mixture of potassium carbonate and liydrate, and 
wliich is obtained from wood-aslies, was formerly 
(jonimon to a considerable extent as a manure, especi- 
ally for clover. Barilla, a rich potassic manure pre- 
[)ared by l)urning certain strand plants, especially 
the saltwort, was also in the past largely exported 
from Sicily and Sj^ain. Kelp, a product got by 
burning sea-weed in Scotland, is also ii rich potassic 
manure. Since, however, the discovery of the Stassfart 
mines, all potassic manures have come from these. 

^tas^fuTt rolasli Saifs, 

Huge salt deposits (ixist at Stassfurt in (Germany. 
Th(iy have been form(‘d by the evaporation of uii 
inland sea. Salt was lirst discovered in these de}) 0 sils 
in 18M9, but for long the presence of potash salts 
was little suspected, and it was not until 1802 that 
the potash salts were worked. We have already, in 
the Appendix to Chapter VL, given a list of the chief 
potash minerals occurring in tlic Stassfurt deposits. 
These minerals are found in layers, the lowest layer 
consisting of almost pure salt; while immedial.ely 
above this we have a layer of salt mixed with the 
mineral polyhallitc (containing potassium sulphate) 
of about too feet thick. Above this last layer 
there is a layer of about 90 feet, containing kieserite 
(magnesium sulphate) mixed with potassium and 
magnesium chlorides ; and above this again is 
layer (90 feet) of carnallite, which furnishes the 
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chief source of the potash salts used for mamirial 
piir])Oses. 

At first tlie crude salts, as ohtaiiied direct from tlie 
(h'posits, were sold as manures under the name of 
Ahrauni salts. Now, however, they are purified. Of 
potash salts in 1 888 soim^ 25,000 tons were exported 
from Stassfurt for mamirial purposes. Of these salts 
tliere may be mentioned, viz., kainit, an impure form 
of the sulphate, contaiiiiip^ on an average about 12 per 
cent of potash, and the muriate and the sulphate— both 
salts, in a more or less pure form, being used. A word 
or two may be added on tlie effect of the two forms of 
potash — viz., as the sulphate and as the muriate. 

Ih'lath'e Merits of Sulpha (r and Muriate of Potash . 

It is a well-known fact that muriate of potash, far 
from having a beneficial effect on certain crops, is 
actually harmful. Of tlucse, sugar-heets, potatoes, and 
toliacco may be mentioned. In the case of beets it 
seems to have an effect in lessening the percentage of 
crystallisable sugar, while potatoes are rendereal waxy. 
With regard to the tobacco-plant, it seems to impair 
the value of the leaf from the smoker’s point of view. 
That this deleterious action is due to the form in 
which the potash is present, and not to the potash 
itself, seems to be pretty clear, since potash in the form 
of sulphate has not this deleterious effect on these 
plants. Another objection which has been urged 
‘igainst muriate of potash is that, when applied as a 
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manure, it is a])t to i;ive rise to the formation of 
ealcium chloride, — a compound which is distinctly 
liurtful to many plants. A similar char^t'. cannot he 
hrou^'lit against sulphate of potash, since gypsum, 
which is the cliief compound it is likely to give rise to, 
is of much vahu*., as we luive already pointed out, as 
an indirect manure. On the whole, tliercfore, sulpliale 
of potash seems to ho the safest form in whicli to add 
])otash. Unfortunately, however, most of the. (‘oiii- 
mercial sulphates are very impure, and contain gener- 
ally considerable quantities of muriate. Jii favour of 
the muriate, it may h(‘ saitl that it is the more concmi- 
trated manure, and that it diffuses ])etter in the soil 
than tlie sulphates — a ])oint of great importance. It 
has, moreover, been used without any bad elfect Or 
clover, corn, grass, and some root crops. 

App! iral WH of ]\)(((>>ll MiCHAirCR, 

The extreme tenacity with which the soil-parti(des 
fix potash .salts, when api)lied as manures, is a ])oint 
which ought to be l)orue in mind in their application. 
This, as we have just noticed, is grojiter in the case of 
the .sulphate than in the case of muriate, and it has 
been observed that certain other fertilisers seem to 
exercise a considerable influence in hindering their 
fixation. Among these may be mentioned bone-meal 
and farmyard iiianurc. Nitrate of soda also seems to 
increa.se the diflusibility of potash salts. Conversely, 
potash salts seem to help to fix ammonia. 
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For tJio Jil)Ove reasons potasli iiiaiiiiros ought to bo 
applied to tli(3 soil a considerable period before they 
are likely to b(3 used by the crop, 'riu're is little risk 
(if any serious loss taking place owing to rain. Autuniii 
apiplicalion is generally reconiniended. Kven iu very 
light soils it lias lieen [iroved in the Norfolk experi- 
laeiits that autumn ajiplicatieu has an immense ad- 
vantage over spring application. It has been found 
that where potash is applied as sulphate, little sul- 
]jlniric aedd is alisorlied by the plant. 

Still-'i Kjid siiilt’d foj’ Pofii.do MaiLurcH. 

nf soils best suited 1‘or [lotash manun^s, it lias been 
found that light soils, and tlios(3 largady charged with 
jieaty organic matter (such as the iiniorland soils of 
iifTinany), are most benefited; while on lieavy clayey 
soils the percentage of potash whicli tliese latter con- 
hiin is already sullicicntly ahundaiit for the needs of 
I'knits. At Flitcham the value of [lotash on chalk 
^oils has been strikingly demonstrated. Of crops, it 
is now pretty generally acknowledged that tliose of 
file leguminous order are most benefited by potash. 
1'^i^peeially in the case of clover has potash always 
proved itself a manure worth applying. 

lia tc 0 f Aiyplication. 

botash is best applied in small (quantities. From 
1 to 2 cwt. of the muriate or sulphate is a common 
^I'lount, and from G to 8 cwt. of kainit. 
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MINOR AliTIFlClAL MANURKS. 

In addition to the niaiuires wliicR liave been discussed 
in previous chapters, tlierc are a number of minor 
manures which are used to a very much smaller 
extent — dried blood, hoofs, liorns, &c. 

Amonp^ these one of the most valuable is dried 
blood. Fresh blood, containin'^' 80 per cent of watei', 
lias from 2.5 to 3 per cent of nitrogen, about .2.» 
per cent of phosplmric acid, and about .5 per cent of 
alkalies. When dried it forms a very concentrated 
and valuable nitrogenous manure, wliich has long been 
used in France. The commercial article contains, on 
an average, about 12 per cent of nitrogen, and slightly 
over 1 per cent of phosphoric acid. When mixed 
with the soil it ferments, and the nitrogen it contains 
is converted into ammonia. Although not so quick- 
acting a manure as nitrate of soda or sulphate of 
ammonia, it can by no means be described, as is done 
in ordinary agricultural text-books, as a slow-acting 
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manure. Its nitrogen may be regarded as of equal 
\alue to that in Peruvian guano. It is peculiarly 
suited for horticulture, and is chiclly used in this 
coiiiitry as a manure for hops. It has also been used 
v’itli beneficial results for wheat, grass, and turnips. 
As a manure it is best suited for sandy or loamy soils. 
Considerable quantities are exported to the sugar- 
i^rowing colonies as a manure for sugar-cane. Manures 
arc made from otlit'r animal refuse. It may he men- 
tioned that lean flesh (containing 75 per cent of water) 
lias about o to 4 per cent of nitrogen, .5 per cent of 
alkalies, and .5 per cent of phosphoric acid ; that is to 
say, a ton of lean flesh would contain about 70 lb. of 
nitrogen and 10 11). of phos|)horic acid. In air-dried 
llesh, according to Payen and Poussingault (contain- 
ing per cent of moisture), there is 13 ])er cent 
of iiita’ogen. Plc.sh, therefore, is, when properly com- 
posted, ji valuable nitrogenous manure. Dried llesh 
IS generally made into a manure called meat-meal 
guano, the composition of which we have already 
referred to in the chapter on Guano.^ 

Hoofs, horns, hair, bristles, and wool, wool-waste and 
fho intestines of animals, have been used as manures. 
Hoofs and horns form a regular source of artificial 
nitrogenous manure; the latter being obtained as a 
%e-product in the manufacture of combs and other 
articles. They are in the form of a fine powder ; and 
ni order to increase their rate of action, which is very 

^ Sec p. 324. 
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slow, tlicy arc often coin]) 0 .ste(l in Anicriea with liorsc- 
niaimre. before, ii.se. Tln^y have, also been co] 0 [)ost(Ml 
with sbiked liin(‘. Th('r(‘. can be no doubt that siicli 
Inaatineiit inerease.s very eonsiderably their valiir. 
Their |)(aeentaj 4 ’e of nitroifcn seems to vary vt-iv 
inneli a(‘eordino' to the, kind of animal from whicli 
they are (Unived. In nine samples of horn the ni- 
trogen was found to vary from 7^ to 14^ |)er eeiii; 
giving an average of 1 IJ- per cent. Tlie nitrog(Mi 
seems rarely to exceed lb per cent. The amomil 
of ])hos])horic acid they contain has been found l)y 
v;irious investigators to range from b to 10 pei‘ 

S. W. Johnson found only from .08 to .15 per cent in 
bullalo-horn shavings. In Trance what is known as 
“torrefied” horn has b(‘en used. Tins is horn wliicli 
has been subjected to tbe action of steam. The 
idtrogen in this material is considered to be niore 
active than in ordinary liorn. According to Way, 
horns liave been used for tlie hop crop with good 
results. Ground hoof is very similar in composition 
to horn, and contains about 14 to lb per cent ot 
nitrogen. Considerable cpiantities arc now used, h 
must be remembered, however, that horns, hoofs, 
hair, bristles, i^c., although rich in nitrogen, possess 
a comparatively low manurial value. The home pro- 
duction of tliese articles may be estimated at bO'T 
to 7000 tons. 
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Sculcli is tlic naiiKi L;iv(in to a rnamin' made t‘rom 
lli(‘ waste ]m)(luets iDeideiital to the inamil'acture of 
L;]ue and the dressing; of skins. It contains about 
7 per cent of nitrogen, and is inannfactnred in 
k( union to tlie extent of several thousand tons 
iiiinnally. 

Shodthf and WoDl-iraHlc, 

Shoddy, which is a manure made from waste-wool 
I'l'ndiiels, is a material largely manufactured in this 
eDiinlry, and which was formerly (it is now used to 
a eoiisiderahly less extent) used to a large extent 
a inanuro. Its annual ])roduc.tion amouids to 
ahoiit 12,000 tons. There are three (jualities, — tlie 
Ih'st containing 8 to 12 per (“ent of nitrogen; tln^ 
HTonig (*, to 8 per cent; and tlie third, 5 to 8 per 
''■‘it. Slioddy is by no means a v(ny valuahle 
’aanure. Woollen - waste ])roducts were fornu'rly 
aiiich riclier in nitrogen than is now the case. This 
due to the fact of the adullcration with cotton, 
so prevalent in the manufacture of woollen 
2')''ds. Pure woollen rags should contain 17 to 18 
l"a’ rent of nitrogen. It has been strongly recom- 
^ii‘‘ii(led to treat woollen waste with caustic alkali 
heforo being used as a manure, in order to render 
dicir nitrogen more quickly available ; and there is 
n'Jod deal to recommend this trcatnnmt. When 
vool- waste is applied as a manure, it should in 
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every case be in autumn, so as to allow as loiar 
a period as possible to elapse before it is recpiiivd 
for the plant’s growth. 

Leatlier has also l)een used as a manure. Its 
nitrogen may be stated at from 4 to (> per cent; aiiil 
it may safely be described as of all materials used 
as nitrogenous manures tlie least valuable. Leather 
is, from its very nature, admirably adapted to resist 
decomposition when applied to the soil, and unh'ss 
it is reduced to a very line condition, might be 
trusted to remain undccomposed for a long period. 
Torrefied leather, however, is probably of greater 
value. It is obtained in tlic same way as torrefied 
liorn, already referred to — namely, by treatment with 
steam. The grease and fatty matters which so largely 
aid it in resisting decomposition being extracted, it 
is much bettei' suited for maiiurial purposes than 
ordinary leather. Torrefied leather contains from 
5 to 8 per cent of nitrogen. 


Soot. 

A manure which has long been used and highly 
esteemed is .soot. Obtained in the usual way, it gen- 
erally contains some 8 per cent of nitrogen, chiefly 
in the form of .sulphate of ammonia, and small quan- 
tities of potash and phosphates. A varying propor- 
tion of the nitrogen is present in the form of ammonia 
salts ; and this undoubtedly confers upon soot its 
manurial value. It has long been used as a top- 
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dressing for young grain and grass, and lias been 
applied at the rate of from 40 to 60 bushels per 
acre*. It has an indirect value as a slug-destroyer. 

Many of the above-mentioned manures, of com- 
paratively low value, will probalily be less used in 
ilie future than they have been in the past, owing 
lo tlie more abundant supplies of nitrate of soda 
and ammonia salts which are now available. Many 
of tliesc substances have probably been used in mixed 
inamircs. 
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SKWAGK AS A MAXUlIK. 

Till': value of sewage as ii iiiamiro lias been in Hie 
past ciioriiiously oveiTated, and niucli niisiindurstaii(]- 
lias existed on the part of the ])ul)lic on the ([Ues- 
tion of the proiitahleness of the dis])osa.l of town sewai^c 
as an agrieultural inannve. Not n few of the erroiKMUis 
opinions prevalent in the past regarding;' sewage liavii 
been due to statements made by scientifie and oilier 
writers as to the enormous wealth lost to the world ly 
many of the jircsent metlmds of sewage disposal. IVr- 
tnnatcly, however, the sewage question is now ineveas- 
ingly regarded as a ipiestion, in the first instance, of 
• sanitary interest. As mueh lias been written on the 
subject, and many schemes have been devised, at the 
expense of much ingenuity, for utilising its manmhil 
projierties, it may be desirable here to say a few words 
on the purely agricultural side of the question. 

The two most important points about sewage are 
enormous abundance and its extremely poor quality- 
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If flic iiiiportiult coiisidcralioii were iiot ilu^ saiii- 
larv but its iiianiirial value, then indeed our wat(!r 
system, so universally used- in towns, must be regarded 
as a most wasteful one ; for by its iiieans the value of 
the excreiuentitious mattcu' from which it derives its 
iiiainirial ingredients is tremendously lessened. Wlien 
\v(‘ r(‘llect that a ton of sewage, such as is produced in 
iiiaiiy European cities, contains oidy 2 or .‘3 lb. of dry 
mat ter, and that tlui total amount of nitrogmi in this 
is only ail ounce or two, while the plios])boric acid is 
eoiisiderably less, and that it is on those two ingredi- 
eiUs that its value as a manure entirely depends, wo 
see ver\' strikingly how poor a manurial suhslance 
'-ewage is. Ahirious methods have been devised and 
expenmentc'd with for extracting these manurial in- 
ueilieiits, and many methods are in oiieration in dif- 
lei'ent parts of the world. The metliods of utilising 
•ewage for agricultural purposes may he hroadl}^ 
'iiviiled into two classes. 

Irrigafion. 

^ hiG of these, whicli may he classed under tlie head- 
ing ol irrigation, consists in pouring the sewage on to 
'■'■rtam kinds of coarse green crops. Sometimes the land 

luado to filter large tpiantities of sewage by special 
'niaiigonients of drains and ditches. The land is first 
‘-’ii'el'ully and evenly graded down a gentle incline. At 
die top of the held the sewage is conducted along an 
'Ey'll ditch from which it is permitted to escape, by the 
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force of gravity, by several smaller ditches ruimiiig at 
right angles from the main ditch. By means of slops 
which may he shifted at will, the sewage can be directed 
to flow over different parts of tlie field. Modifications 
in this plan may be made so as to suit the nature of 
the ground. In tlie case, for example, of a steep in- 
cline, the field may he sewaged hy means of what are 
known as “ catcli-work ” trenches running liorizoiitally 
along the hill. In tliis way the sewage is allowed lo 
pass over the whole of the held, and is caught at the 
bottom in a dee]) ditcli, wlience it is allowed to How 
into the nearest river or stream. This is the system 
which has Ix^en employed at the famous Beddingtoii 
Meadows, near Croydon. 

Another method of distrihuting the sewage is by 
means of underground pipes, which are laid in a sort 
of network over the ground to he manured. At certain 
intervals pipes witli couplings for hose arc fitted on. 
and hy keeping a certain amount of pressure on the 
main pipes the sewage may he distributed over the 
different parts of the field as it is required. 

A third modi ti cation is subsoil irrigation. This re- 
semhles the last-named system, with this difference, 
that the pipes used are either porous or perforated 
with small holes. 

Total submersion can only be applied in the case of 
absolutely level lands, and is practised to an enoruions 
extent in Piedmont and Lombardy. 

There has been little dispute as to the thorough 
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efliciency of irrigation — when conducted under favour- 
aide conditions — as a nietliod of purifying sewage and 
utilising to the full its constituents of nianurial value. 
It is the only method which has been conclusively 
shown to extract from sewage tlnit to which it owes 
most l.'irg(ily its value as a manure — viz., ammonia ; 
and from this fact it deserves a first place in the 
consideration of agriculturists. For however admirable 
other metliods may be from a sanitary ])oint of view, it is 
obvious that a method which would allow the ammonia 
in sewage wholly, or at least to over 90 per cent, to be 
lost, cannot claim the same place in the judgment of agri- 
culturists as a method which ca.n extract for the soil not 
oidy the whole of this valuable constituent, but all else 
in the sewage which in any way is of value to plant-life. 

EpxU of cont inued Applical ion of Acawjc. 

When sewage is continuously applied to the same 
i-nid, what generally takes place is this ; At first the 
sewage is purified, and the soil derives corresponding 
benefit from the valuable fertilising ingredients it thus 
extracts. After a time, however, the land becomes 
'vhat has been termed sewage-sick.” The pores in 
fhc soil become choked up by the slimy matter the 
sowage contains in suspension ; the aeration of the soil, 
as we have already mentioned, is so necessary, 
conseciuently to a large extent stopped; and the 
^G'^ult is, that the land rapidly deteriorates, and the 
sewage is no longer purified. 

2 E 
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Tliis is obviated to some extent by iiitermiUeiil 
irrigation. Tlie land, instead of rec(nviiig sewage coa- 
tiniionsly, oidy receives it at intervals, and is allowiM] 
some time to recover between each dose. It is, liow- 
ever, the opinion of those who luive given the snbj’i'ci 
nnudi fittention, that land, cvani altbongb interinittenlly 
se waged, never recovers its original edieacy. 

Irrigation, tlierefore, under favourable conditioiiy. 
is a most siu'.cessful method of utilising the maniuiiil 
value of sewag(!; but tin; great dillieiilty in jiractiee is 
to obtain those favourable conditions. It has loii;^ 
been known tliat if soil is ])ro[)er]y to discharge its 
function as a purilicr of sewage water, it must be 
perly aerated ; and we now know tliat in every fertile 
soil the ])rocess of nitrilication must be permitted fiee 
development. Now the application of large quantities 
of sewage to a soil is a])t to prevent this free dcvi'lcp- 
inent. As we have already seen, absence of air a ml 
the lowering of the temperature of the soil distiuet- 
ly tend to retard nitrilication ; and these two coiali- 
tions accompany the application of large quantities of 
sewage. 

Crops suited for {dacage. 

Another objection to irrigation has been found in 
the alleged limited number of crops sewaged land 
suited to yield. It lias been repeatedly stated that 
rye-grass is about the only crop it is profitable to gae\\ 
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(jii it. Ill opposition to lliis statement, liowever, is 
the opinion expressed in tlie conclusions arrived at by 
(lie coinmittei^ a])pointed by the Ilritisli Association 
for llie consideration of tlie sewage ([iieslioii. A vast 
nuiii])ci' of experiinents were carried out by them be- 
(wceii tlie yi^ars 1868-7^, and the riisult they arrived 
at was as follows: “It is certain that .all kinds of 
clops may be grown with sewng(‘, so that the farmer 
can grow such as he (‘an best sell; nevertheless, the 
staple crops must be cattle food, such as grass, roots, 
with occasional crops of kitchen v(;g(dables and of 
coin.” While, therefore, it is jirobaldy a mistidvc to 
say that rye-gmss is the only cro]) sewaged land is ca])- 
ahle of growing prolitably, the bulk of e.\])erienee goes 
to show tliat su(;h a crop is best suited for such land. 
This 1 icing so, the (piestioii naturally arises, What is 
tli(' farmer who uses scwag(i as a manure to do with 
the large green crops he obtains from his land ? He 
ig ill most cases, unable to use them himself or dis- 
I'ose of tlieni at the time. And while this has hitherto 
I'l’oved to be a most important drawback, now that we 
I'i^ve ill ensilage a means of preserving our green crops 
iR a eoiiditioii suitable as fodder for as long a time as 
IS necessary, the grounds on wliich this objection rests 
almost entirely removed. 

It will be obvious, of course, that some soils are 
Raturally much better fitted to perform purilication of 
■''cwage than others ; but it must be frankly admitted 
tiiat even the best of soils can only deal with a certain 
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quantity of sewage. Various calculations liave been 
indulged in as to the amount of- sewage an acre of 
land can successfully deal with. According to one of 
these, an acre can purify some 2000 gallons per day, 
or that produced by 100 persons ; while otluir calcula- 
tions estimate it at GO persons; and others, again, at 
150. The capacity of a sandy soil in this respect will 
be much greater than tliat of a heavier soil ; and at 
Dantzic an acre of the sand-dunes is regarded as being 
capable of purifying the senvage of 600 persons. The 
late Dr Wallace has calculated that, in order to treat 
the sewage of Glasgow, over tw(dv(j square miles of 
land would be required. Of (.*ourse, if the scjwage is 
subjected to })revious treatment, which is often the 
case, by the method immediately about to be described 
— namely, precipitation — the amount of sewage tla; 
soil is capable of purifying will be correspondingly 
increased. AdilTiculty which may also be pointed out 
ill connection with irrigation as a means of disposing 
of sewage, is the impossibility of carrying it on dur- 
ing frosty weather, when tlie land is frost-bound. In 
warm climates irrigation has much to recommend it 
as a means of sewage disposal. In damp and cold 
climates, on the other hand, there arc many objections. 

Treatment of Senmge hij Precipitation, cCy;. 

We now come to consider the methods grouped 
under this second heading. Mechanical filtration, of 
course, only aims at purifying sewage to the extent of 
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reiiioviiij^' all insoluble suspended inattei’ whicli il con- 
tains. Different snl)st:ince.s Inivi'. been ii.sial as tillers, 
the most generally used being cbareoal. Cbareo.d 
mixed with burnt clay, gravel, sand, I't'c., has [ilso been 
used. 

In chemical precapitation, however, we have a 
method which claims to do more, llcyond the extract- 
ing of all solid matters in suspension, it removes (at 
any rate most chemical ])recipitanls do) nearly all the 
t)liosphoric acid, which, next to the ammonia, is the 
most valuable constituent the .sewage contains. Of all 
]a’eeipitants, lime has been the most univer.sally u.sed; 
and on the whole, it is perhaps tlui b(\st, foi' it is both 
cheap and obtainable alm(»st anywhere. According to 
an analysis by the late Professor Way, the difference 
in the percentages of phosphoric acid, ])otasli, and 
ammonia, before and after treatment witli lime, in a 
s.anijjle of sewage, was as follows: — 

Grains ikv Gallon. 


Phosphoric acid 

licfoic. 

2.03 

A ftcr. 

.4.0 

Potash . 

3.06 

3.80 

Ammonia 

. • 7.48 

7.50 


Prom the above wc see that while sludge caused by 
linie as a precipitant contains nearly all the phosphoric 
acid, there is not a trace of the potash or ammonia 
removed. Sulphate of alumina has also been used, 
both alone and in conjunction with lime. The advan- 
hage claimed by it over lime is, that the resulting 
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])ro(;i])itato is inucli l(‘ss bulky. Fii otlier resjx'cfs, 
li()W<!Vcr, it (loos not S(m‘1ii to lx; any iiioi-i; (;irK;ioiit a ; 
a ])r(‘(‘i{)ilaiit. In tlu; woll-kiiown A, !», procx'ss, a 
inixtnn; of alum, olay, linu', clian'oal, blood, and alka- 
line salts, in diribrcid. ]»roportions, lias boon nsia]. 
This mixture is said to c\tra(.‘t, in addition to tlio 
])bosi)boric acid, a certain proportion of the iimmoiiia : 
but the amount is so small as soarcely to be wortli 
considering. 

Numerous otber (diemicad sidjstanccs bavo beoii 
used, alone and also in oonjuiHition with oik; anotlioi', 
such as ]xu’(;ldori(.lo of iron, coppiu’as, manganese, Ac. 
All alike, bowevei*, have failed to do more tlian (dloi't 
partial puritication,— tin; best results, it may be added, 
being obtained when tin' sewage thus treated was 
fr(\sb. With ri'gard to the manurial value of tlio 
resulting sludgns, much diflerenoe of o])inion lias 
existed. The small jiercentage of phosphoric acid 
and nitrogen they contain has prevented them from 
being used to any extent as a inanung as their vahu; 
did not admit of carriage heyond the distance of a 
few miles. By the introducthni a few years ago of 
the filter-press, their value has been considerably en- 
hanced. The old method of dealing with the sludge 
at preci]ntation-works was to allow it to dry gradually 
by expiasure to tlie atmosphere. The result, however, 
of leaving sewage-sludge with over 90 per cent of 
water in it to dry in the air, was to encourage the 
rapid decomposition and putrefaction of its orgaiii;- 
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iiiatt( 3 r, so that in many casos tlic (h'coinposiiig shidgo 
]ir()VO(l to bo as groat a, nuisanoc a,.s tho unpiiriliod 
s(!\va.go itsolf woiihl havo boon. I’y tbo iiso otMobii- 
soii’s tiltor-prcss, bowovor, a sludge containing 00 per 
cent of water was at once rodiicod to 50 per cent, 
or oven b-ss. Wy this moans tbo porcoiitago of its 
valuable constituents was very mucb increased, and 
tli(! sludge-cake, besid(‘s being mucb more ])ortal)le, 
was neitbor so objectionable nor so liable to decompo- 
sition as before. 


/ of Sncdfft'-sl axhjc. 

As to the value of tins sludge-cake as a manure, 
we ar(' bap])ily in [xasscassion of some very interesting 
and valuable experiments Ity Professor Muiiro of 
Downton Agricultural (College, d'be sludge experi- 
mented upon was that i)roduci;d by sulphate of 
alumina, lime, and sidpbabi of iron, and contained, 
after being subjected to Jobnson’s filUir-press, from 
.0 to .9 per cent of nitrogen, and over 1 per cent 
of pbospboric acid. It was found that the benetit 
resulting from the application of the sludge w:is far 
from what in theory might bav(i been expected. The 
experiments were made with turnips; and the results 
obtained with superphosphate and farmyard manure 
respectively, in the same field and under exactly the 
same conditions, were contrasted with those ol)tained 
with sludge. Thus it was found that 53 lb. of pbos- 
pboric acid as superphosphate, or 60 lb. as farmyard 
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manure, produced a considerably larger c^rop than 240 
lb. of phospboiic acid in the sludge. 44iat is to sny, 
tliat the })bosphoric acid in the sludge did not exert 
more than one- fifth of its theoretical effect. Tlu- 
explanation of this .somewliat strange result Dr 
Munro finds in the unsuitable pliysical cliaracter of 
the sludge-cakes. In farmyard manure we have a 
loose texture and a large amount of soluble constitu- 
ents when well rotted. It thus (juickly distributes its 
fertilising elements throughout the soil. In the case 
of the sludge, on the other hand, its composing par- 
ticles are closely compacted together, and thus offer 
the greatest resistance to mechanical and chemical 
disintegration. “ As a matter of fact,” says Dr 
Munro, " the sludge-plots in my experimental series 
were all readily identified, when the roots were 
pulled, by tlie presence of unbroken and undccoiii- 
posed clods of cake, which liad evidently given up, 
at most, a small portion of their valuable ingredients 
to the soil.” 

Driefly stated, therefore, the objections to chemical 
precipitation as a means of dealing with sewage are 
these — viz., that while it relieves sewage of all its 
organic matter, and to a large extent of its phosphoric 
acid, it fails to extract any ammonia, which is thus 
lost ; that the resulting sludge is consequently so 
poor in fertilising matters as scarcely to make it 
worth while to remove it any distance for manuring 
purposes ; and that, further, owing to its unfavoural)lc 
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])liysicnl character, as at present made, even tlie 
small percenta^L^e of plant- food it contains is not 
realisable, within, at any rate, anything like a reason- 
able time, to its full theoretical extent. 

The most profitable method of treating sewage 
must he determined by various local conditions ; and 
it must be clearly understood that the cpiestion of 
sewage disposal is primarily a sanitary one, and that 
it must be dealt with from tlui sanitary aspect. The 
most profitable way of a])plying sewage as a manure, 
however, will doubtless be found by combining chenii- 
eid pre.ci])itation and land irrigation. 



442 


CIIAI’TKII XVriL 

I.KJUID MANUK K. 

I’llK ailoptioii of irrigation as a nu'ans of utilisiiu;' 
sewage, suggests a short coiisidco’ation of tlic value uf 
liquid manures. It has been a eusloni on many farms 
to apply tlie hhpdd manure got from the oozings t)f 
manun'-heaps, tlic drainings of the farmyard, hyros, 
sta1)les, piggeries, direetly to the soil. Indeed, so 
strongly lias the belief in the superiority of hqiii'I 
manure over otlier manure been held by cerlain 
farmers, tluit th(‘y have washed the solid animal 
excreta with water, in order to extract from it its 
soluble fertilising constituents. The late Mr Mcclii 
was one of tlic foremost exponents of the value of 
liquid manure. Ilis farm of Tiptrec Hall was litfctl 
up with iron pipes for the distribution of the inaiiin'O 
over the diflerent lields. Superphosphate, it may nb" 
lie added, as first made from bones by Jlaron hiel'iy 
was applied in a liquid form. As to the general nim it^ 
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i)f li([ui(l iiKimire, tlicre cau l)c no doubl lliat it is tlu' 
iiids! valiia])l(i form in whioli to a.[))»ly mamiro. It 
.irui'cs for the miiiinrial iiigmlieiits it contiiiiis a 
spcady ami uniform (liirusiou in tlm soil ; but, on tlie 
ollit'f baud, the oxpenso of distrilmtin^- it makes its 
aji])licaliou far from ceonomieal. Tlie ediief iiii;Tedient 
ill li([uid manure is urine. Now tlie removal of urine 
from tlie farmyard manure-heap entails a severe loss 
Ilf the ingredient which is most ]K)tent in promoting 
frrmeiilation. Reparation of the urine from the solid 
I'M.'ieta is on tliis very a-ccouiit not to be recommended. 
1 line, when applied alone, is lacking in pbospliorio 
ii'-'id, of which it contains mere traces. It is not, 
tluaefore, suitable as a general manure. It has to be 
piinled out, however, that the drainings from a man- 
uiv-lioap in this respect are superior to })ure urine, 
Ellice they contain the .soluble phosphates washed out 
'd the solid excreta. The ohjiadious against using 
liquid luamire may he summed up as follows 

I'ii'st, it is too bulky a form in which to apidy the 
manure, and hence too expensive ; .secondly, it is not 
‘idvisahle to deprive the solid excreta of the liquid 
'-'^creta, as the one supplements the other; tliirdly, fer- 
’‘i^'ulatioii is largely fostered in the solid excreta by 
presence of the liquid excreta —hence fermenta- 
will not take place properly in the solid excreta 
'^licii deprived of the li(|uid excreta. 

•1, however, the production of Ihqiiid manure on the 
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farm is in excess of what can be used for the propor 
fermentation of farmyard manure, it will lie best to 
utilise it for ('omposts. No Ijetter addition to a 
compost caji be made than liquid manure, as it 
induces sp)eedy fermentation in nearly all kinds of 
organic matter. 
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COMPOSTS. 

The use of composts is an old one. lleforo artificial 
inaiiurcs were so plentiful as they arc at present, iniicli 
atU'iition was paid by farmers to tlieir preparation. 
A compost is generally made by mixing some sub- 
stance of animal origin wbicli is rich in manurial 
iiigTedicrits with peat or loam, and often along with 
ii'iie, alkali salts, common salt, and indeed any sort 
'T refuse which may be regarded as possessing a 
Hiauiirial value. Composting, in short, may be looked 
iipoii as a useful method of turning to profitable 
^1^50 refuse of various kinds which accumulate on 
die farm. The object of composting is to promote 
fermentation of the materials forming the compost, 
^^JpI to convert the manurial ingredients they contain 
fiito an available condition for plant needs. Composts 
"hen serve a useful purpose in retaining valuable 
^'elatile manurial ingredients, such as ammonia, formed 
easily fermentable substances like urine. In fact, 
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W(i may say tliat fariDyard manure is (lie ly|)iV:i! 
com])Ost, and its maniifartnre S(‘rves to illustrate, ilu' 
])rin('i])les of composting'. 

Fit rmijanl Mtuiurr a lifpical Compos/. 
]^armyard manure as ordinarily made is ]iot u:euei'ally 
rci^ardt'.d as a eomi)ost, but in the ])ast it lias In-eii 
widi'ly used for the jiurpose of making eom])osts. Thus 
the ]U'actice of mixing farmyard manure with larm; 
(piantitii'S of peat has been in some jiaris of the worhl 
a common one. Peal, as has alnsidy been ])oiiited eat 
ill a previous chajiter, is coni]»ai'atively rich in ni- 
trogen. AVhen it is mixed with urine or some olliei 
juitrescihle sidistaiici!, the ]>(*at undergoes fermentation, 
with the result that its nitrogen is to a greater or less 
extent coincrted into ammonia. The cHect, therefoi'i', 
ol mixing peat with farmyard manure is henelicial 
to both substances mixed : the escape of ammonia is 
rendered imjiossihle by the fixing })roperties of the 
peat, while the inert .nitrogen of the jieat is largely 
converted by fermentation into an available form. 
The proportion of peat which it is advisable to aiM 
in composting farmyard manure will depend on llie 
richness of tlic ipiality of the manure : the richer the 
ij^uality of the manure, the greater the amount of peal 
it will be able to ferment, (jomjiosts of this kind are 
generally made by piling up the manure in hea]>s, 
consisting of alternate layers of peat and farmyaid 
manure. From one to live parts of peat to e\eiy 
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one jiarl of fai’inyard manure is a common pro- 
|Mii-tio]i. The use of such a manure, conlaiiiiiij^f so 
iiiiicli organic mallei', will exercise its best encct on 
liglil sandy soils. 


OUn r ( \)iiriH)sis. 

l)Ul inslead of farmyai'd manure, or in addilion to 
laiinyanl manure, various other sulistanees may be 
added, as bones, llcsh, lish-sera|), and the olfal of 
slaiighhu'-liouses. Sometimes leaves and the dried 
draekeii-fern are used for the mannfaeture of coin- 
pesLs. Some of these sulistances contain much nitro- 
gen or phosphoric acid, hnt in their natural condi- 
thn h'rnient when applied to the soil at a slow rate. 
Ji niixed together before a])]ilicalion in pits with peat, 
i'‘aves, bracken-fern, or some other al)Sorhcnt material, 
leL'uientation proceeds evenly and rapidly. Tlu; addi- 
tion of lime, potash, and soda salts has been found 
to have a mo.st beneticial eireet in promoting fernieii- 
tatioii. These substances, as is well known, hasten 
I'atrefaction of organic matter. Lime seems es])eeially 
to he valuable in composting. This is no doubt due 
to tile fact that lime plays a valuable part in ju’omot- 
tlie action of various ferments, as has already been 
’iiostrated in the case of nitrification. The ellect of 
(juantities of sour organic acids (humic and 
ulunc), which are the invariable ])roilucts of the 
''''composition of organic matter like peat, leaves, i-^c., 
niiinical to micro-organic life. The action of lime is 
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to neutralise these acids. Tlicre can be no doubt 
tliat composting is a useful process for iiicreasiug tla- 
fertilising properties of dillerent more or h'.ss inert 
rnanurial substances. But in view of the abundant 
supply of concentrated fertilisers, the use of composts 
may considerably decrease in future. 
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^Vi-' now conic to (liscns.s llio.sc inuinircs wliicli \vc may 
'liiss iiiidcr Llie Icnn Indinrt, because tlieir value 
'lue, not to tlieir direct aclioii as sui»()liers of jdant- 
iood— libc those luaiiures we have hitherto heoii 
in discussing — hut to their indirect action, 
tliese hy far the most important is lime. 

Anthiuitij of Lime m a Manure. 
hiiiie is one of the oldest and one of the most 
of all manures. It is mentioned, and its 
^^oiiderful action commented on, in the works of 
■^^‘vcral ancient writers, more especially Tliny. Of 
years, perhaps, its use has become restricted ; and. 
We .shall point out hy-and-hy, it is well that it is so. 

Action of Lime not thorourjhly understood. 

J Respite the fact of the long -established and almost 
2 F 
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iiilivorsfil use of lime, it can scarcely Vie said iliat 
we as yet clearly ujiderslaud the exact nature of its 
tictioii. Much light, however, has hccii thrown ol 
late years on the subject by the great advance wliicli 
has been luaihi in our knowledge of agrieiiUur;il 
eheinistry. Nevertheless, tlnu’e are many ])oints coii- 
iiected with the action of lime on tlie soil which arc 
still obscure, rerhaps one reason for the eonllictiiie 
ideas prevalent with regard to tin* value of this 
substanee in agrieulture is to be found in tin; fact 
that it acts in such a number of dilloront ways, ami 
that the nature of tlie ehaug(!S it gives rise t<j in llic 
soil is most complicated. The experience of agri- 
culturists with lime in one part of the country oflcn 
seems contradictoiy to the experienec of those in othci 
piirts of the country. Its action on dillerent soils is 
very dissimilar, for these rea.sons, therefore, the dis- 
eussioii of the value of lime as a manure is b\' m* 
means an easy one. 

Jjiiiij’ o iiccrsmrif 

Lime, as we have already pointed out in a fornier 
chapter, is a necessary plant-food, and were it preseni 
in the soil to a less extent than is actually the ease, 
would be just as valuable a manure as the dillerent 
nitrogenous and pliosphatie manures ; and in certain 
circumstances this is tlie ease. There are soils, though 
they are by no means of common oeeurrenec, which 
actually lack sullicient lime for supporting plant- 



-rowllj, and to wliidi its addition diinctly prnniohis 
ilu; growth of tlic oro]). Toor sandy soils arc often of 
this nature. Aiiotlier class of soils an; also apt to 
lu; lacking in lime — at any rate their surface-soil is. 
These are |)ernianeiit ])astnr(i-soils. Originally there 
may have been an ahundance of lime in the surface 
|i()ition of the soil; hut, as is well known to (ivery 
laaclical faniKU', lime has a tendency to sink down 
ill the soil. This tendency in ordinary aralde soils 
is largely counteracted hy ordinary tillage o])eratio]]s, 
Slab as ploughing, ikc., l.)y means <if which the lime is 
amiiii brought to the surface. In ])ernianent pastni’c- 
scils, however, no such couidej’acting action takes 
I'lace, hence impoverishment of the surface-soil in 
lime eventually results. ]t is for this rea.soii — jtailly 
O any rale — that permanent pasture heiielits in an 
‘ giccial degree by the ap])lication of lime. We say 
for there are other im})ortant reasons. One is, 
that lime seems to Inive a striking elleet in improv- 
"‘g the quality of pastures by inducing the liner 
glasses to predominate. It has also a very favoin'- 
'il'le action in promoting the growth of white clover. 
Aiuitlicr reason for the favonrahlc eriect of lime on 
pasture-soils is doubtless on account of the action it 
has ill setting potash free from its componnds. Soils, 
however, which directly benefit from tlie application 
lime in the same way as they heiielit from the 
'TTlioation of nitrogenous manures, may he safely 
-aid to he rare. In tlie great majority of soils lime 
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exists, so far as tlic demands of plant-life are eoii- 
cerned, in superal)undance. 

TAnic of ahimdant Occurrence. 

Indeed limestone is one of the most abundant of all 
roek substances, and it has been calculated that it 
forms not less than one-sixth of the rock-mass of tlic 
earth’s crust. Nearly all the commonly occurriii,i: 
minerals contain it, and in the course of their dis- 
integration furnish it to the soil. Va.st tracts of 
country are composed of nothing but limestone ; and 
we hav(; examples, even in this country, of so-calk'd 
chalk-soils, wliere it is the most abundant constituent. 
Nor can it be classinl amongst tlu; insoluble mineral 
constituents of the soil ; for although insolubhj in pare 
water, it is solulde in water — such as the soil-water 
— which contains carbonic acid. Tliis is proved by 
the fact that it is the chief dissolved mineral ingredient 
in all natural waters. 

TAmc returned to the Soil in ordinary Ayriculiural 
r rad ice. 

It may be further pointed out, as bearing upon the 
true function of lime when applied as a manure, that 
in ordinary agricultural practice nearly all the linie 
removed from the soil in crops finds its way 
again to the farm in the straw of the farniyanl 
manure. For tlie.se reasons, then, it is clear that the 
true function of lime is as an indirect manure. 
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Let us now procei'd to discuss its action. Lofovo 
doing so, iiowcvor, it is important that we should 
clearly understand the difTcrent chemical forms in 
wliieli it occurs. 

])ijjhrnl Formfi of J/mc. 

Lime occurs chielly as carbonates of lime in the forms 
of limestone, marlde, or chalk, which are all chemically 
tlu! same. Tt occurs also as sul[»hate of lime or gypsum , 
as well <'is in the forms of plmsphate and iluoridee In 
agriculture it is only used — if we except the phospluite, 
which is applied not on account of its liim*, but its 
l)hospho7'ic acid — in the form of the (‘arbonat(‘ or mild 
lime as it is commonly called, burnt, caustic, or (|uiek 
lime., and as gypsum. As the value of gy])8um as a 
manure is of such imjuulauce, and d<.‘])ends not entirely 
mi its lieiiig a conitmund of lime, we shall consider it 
by itself. Lienee we have only to consider here the 
action of mild and caustic lime. 


Caudle Lbnr. 

AVhen limestone or mild lime is submitted to a 
great heat, such as is practically doiui on a large scale 
lime-kilns, it is converted into caustic lime or lime 
Limestone is made up, as we have just men- 
tioned, of lime and carbonic acid. The latter ingre- 
ilient is expelled in the form of a gas, and the lime is 
^clt behind. Lime never occurs naturally as caustic 
Millie, for the simple reason that it is impossible for 
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it to reiiiiiiii in tins sljitc, owiiiu; to tho i^roat aflinily it 
has botli for water iiiid earbonic acid. 

Wben lime is burnt, jind before it is applied to the 
tield, some tina^ is allowed to eliips(‘ in ordta’to ju'rinit 
of its alisorbiipe; moisture — or bceomiiiL;' slaked, as it is 
t('(!bnicidly called. This it does more or less slowly 
by absorliing moisture from tb(‘. air. As, bowever, tlu- 
process would lak(' too bm<^', and as, moi-eover, I lie 
absorption of cailjoidc acid p:as would also tidvo plmv 
at the same tim(\ lime is generally slaked in anotlier 
way. This can 1 h‘ done by sim|)ly addin^L;' w.ater. .\ii 
objection to this medbod is, that the lime is not so 
unifoi’inly sbdviul as is desirable. Jt becomes L>'rilty. 
44u' usual nietbod is to cover it up with damp earth 
in bea])s, and tillow the moisture of the e.artb to ellis t 
llie skakin^Lf. Wbmi linu' absorbs Wider a new ebemieal 
(’om[)ound is foianed, known as lime hydrate; and so 
rapidly do('S tin*, lime unil(! with water, that a great dctil 
of beat is (jvolved in tin; o])eriition, the tcmpcraliiie 
])roduced being considerably above that of boiling- 
water. Tin; conversion of slaked lime into carbontili' 
of lime or mild lime is a slower process. Sooner or 
later, lunvever, it takes ])laee, wbetber the lime is lelt 
on the surface of the soil or l)uried in it. 

A knowledge of these elementary chemical facts is 
necessary in order clearly to understand the nature ef 
the action of lime in agriculture. 

The res]i(',ctive action of tpiicklime and mild lime is, 
on the whole, similar, altbougli the former is in ovn v 
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caH’ very much more ])Owerfnl in its en'ccts tliau Uu^ 

lad.rr. 


Lrnic (Ic/h bnfh )i)( rjnrnvallj/ and rjinnirnllij. 

Lime may lie said to net on llu; soil liotli mecliani' 

( idly and chemically. Tt alters the texture of the soil, 
and alfccts its iiuadianical properties, such as its al)- 
>i»i'p(iv(‘, rcteuliv(‘, and capillary ])owers with r(\^ard to 
wati'r. It acts upon its dormant fcrlility, and dcconn 
I'osos its mineral su.hslaiices as well as its organic 
nnUler. Lastly, its iidlnence, on the micro-organic life 
"f the soil, which plays such an important part in 
ilie [>iv])[iration and (dahoration of plant-food, is of the 
liigliest impoi'tance. We cannot d(» hcdlei’, tla'i’id’oia', 
dnm discuss its pro))('rli('s iimhu' IIkj headings umi'haih 
/"d, rln'iiiicdl, a lid blohxfu'oL 

1. i\rKCIIANICAI> FfXCTIOXS OK LiMF. 

Acfioi} on AoiTx Tin:/ my. 

ddie effect of lime upon the texture of a soil is 
:>inong its most striking properties. Every farmer 
knows well what a transforination is effected in the 
lex I lire of a stiff clay soil by the apjdication of a 
dressing of lime. The adhesive properly of the soil 
—its ohjectioiiablc tendency to puddle when mixed 
^vitli water — is greatly lessened, and the soil is 
i’*“udered very much more friable when it becomes 
'k'.v. Several reasons exist for this change. In the 
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first placo, the tendeney to puddle in a clayey soil 
is due to tlie fine state of division of the soil-]nir- 
tielcs. The way in wliicli lime counteracts this ml- 
hesive property is liy causing a coagulation of tlu' 
fine soil-particles. This flocculation or aggregation of 
the fine clay-particles, when mixed witli water hy 
lime, is strikingly demonstrated by adding to some 
muddy water a litth* lime-water. The result will l»i' 
that the watiu' will speedily he rendered clear, the 
fine clay-particles coming together and sinking to the 
bottom of the vessel, hlvcn a very small (juantity of 
lime will ene(‘t this change. This ju'operty possessed 
hy lime, we may mention, is utilised in the treatment 
of sewage. As it is the liiu'. clay-])articles that are 
the chief cause of the puddling of clay soils, their 
flocculation does much to destroy this ohjectionahh' 
property. Another reason why lime remhu’s a clay 
soil more friable when dry is, that lime docs not 
undergo any shrinkage in dry weather. As clay soils 
shrink very much in drying, the mixture with such a 
substance as lime tends to minimise this tendeney 
to cake in hard lumps. The effect of even a v(*ry 
small addition of lime to a clay soil, in the way of 
increasing its friable nature, is very striking, and 
can be easily illustrated by taking two portions of 
clay, into one of which a small percentage of lime 
is introduced, and working both into a plastic mass 
with water, and then allowing them to dry. It will 
be found that while tlic one is hard and resists dis- 
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integration, that ])ortioii to wliicli tlio lime lias lunni 
ailded erumldcs away easily to a powder. Tliis etreet 
wliieli lime has in “ li^^litenin*;' ” heavy soils has been 
known to last for years, 'riie disinte^^ralinLi’ elleet of 
(|nick1ime when appliinl to heavy soils is also due, it 
may he added, to the ehaiio(^ uiideri^oiie hy the lime 
itself from the caustic state to the mild state. 

Llnie Tender)^ lif/Iit Soils more colirslir. 

Although it may seem somewhat paradoxical, lime, 
it would ajipear, in some cases exercises an eltect upon 
the soil exactly the reveu'se of what has just lieen 
stated. That lime should act as a hinding agent is 
only natural when we rellect on the way in which it 
acts wlnni used as mortar. It is (luite to be under- 
stood, therefore, that its action on liglit friable soils 
should he to increase their cohesive |K)wers, and at 
the same time to increase the capillary power of the 
soil to absorb water from the lower layers. The ex- 
tent of this action, of course, would depend on the 
form in winch the lime is a))])lied, and the amount. A 
striking example of the binding power of lime is to 
I'e found in certain soils extremely rich in lime, in 
which what is known as a lime-pan has been formed 
at some distance from the surface. 

If. CiiKMiCAL Action of J.ime. 

r>ut more important probably tlian oven its mechani- 
cal action is the chemical action of lime. It is a most 
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important in nnlockiip^ the inert fertility of lIk' 
soil. This it does hy (h'ooinjHisin^L;- diherent minerals 
and settini^' the potash tliey contain. The dis- 
integrating power of lime in this resjxu't (lepends, 
of course, on its clumrical condition, the caustic form 
In'ing much more potmit than tlie other forms. Its 
action in decomposing vegotahle matt(‘r and rendering 
the inert nilrogcm it eonlains available f(»r the plant’s 
usig is also one of its most important i)rop(ndics, and 
accounts for its hemdiciid action wluma|)plied to soils, 
such as p(‘aly soils, riidi iit organic, matter. Again, its 
ns(^ as a ('oi'rective for sour lands Inis long been I'l'ac- 
tically I'l ‘cognised. The prcsi'iice of acidity in a. soil 
is Imrtfid to \'(‘g(‘tidde life. Lime, by neutralising this 
ai'idity, removes tlie sourness of tlie land, and doc.-^ 
much to restoi'o it (o a condition suitable for flic 
growth of cultivatt'd crops. The generation of soiir- 
ness in a soil is almost sure to give rise to certain 
poisonous compounds, fame, therefore, in sweetening 
a soil, jirevents thi‘ formation of these poisonous coni- 
pounds. 1 bully drained and sour meadow-lands, as 
every farmer knows, are immensely benefited liy the 
application of this useful manure ; for not merely is 
their sourness removed and their general condition 
ameliorated, luit many of the coarser and lower forms 
of plant -life, which alone (lourish on such soils, aiv 
killed out, and tlie more nutritive grasses are allowed 
to flourish instead. The action of lime in promoting 
the formation of a class of compounds of great im- 



15I0L0GIGAL ACTION OF LIMK. 


459 


pDitniice in the soil — vi/., liydrntiul silicates- is worthy 
(if notice. Accordin^^' to the commonly accei)t(‘d theory, 
iiiiich of the availahle mineral hndilisin^' imitti'r of llu! 
soil is retaiiK'd in the form of these hydrated silicates. 
Iteiico lime, hy incrc'asing these com])onnds, not nu'rt'- 
ly adds to the amount of the, availahh* fertility in the 
Old, hut also increases it.s ah.soj'ptive juawer for food- 
I'oiistitucnts. 


Ml. r»10f.0(;iCAL .VcTION Oh' LiMI'. 

The last way in which linn' acts is what, wi^ hav(‘ 
tiTiiK'd hioloLtical. lly this W(' iiu'an tlni important voir 
lime plays in pi'omotin^i; or I'etai’diiiL'-, as tin' (-ase m.ay 
hn. till' various kinds of fernientativ(.' action which o() 
"11 so ahundaidly in all soils. 4'lie presence of earhonali' 
lime in the soil is a neeessai'y condition for the 
process of nitrification. Lime is the base with which 
the nitric acid, wlu'ii it is formed, comhines ; and as 
we have seen, when diseussinjj; intrilication, soils of a 
"halky nature arc among those Ix^st suiti'd to [u’omoto 
the natural formation of nitrates. This is one of the 
leasons for the benelicial ellects produced hy linn' 
when ajiplicd to peaty soils. Not merely docs it 
li‘‘lp to decompose the organic matter so ahundant 
ill such soils, hut it also furnishes the base with 
which the nitric acid may combine when it is fornn'd. 
but while the action of lime is to promote fermenta- 
b"'h it must nob lie forgotten that there may he cases 
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in wliicli its action is ratlier tlic reverse of this. Fer- 
mentation of or;.;a.nie matter goes on when thcie is 
a certain amonnt of alkalinity present; while, on tin* 
other hand, the ])resciice of acidity seems to retiiid 
and check it. Too great an amonnt of alkalinity, 
however, would, in tlie first instance, retard fernu'ii- 
tation as ninch as too great a('idity. It has been 
claimed that the a,ddition of canstic lime to fresh 
urine may act in this way; -and if this were so, tlie 
addition of lime to farmyard maniin^, might, to a cer- 
tain exteid;, he defended. The experiment, however, 
would l)e a hazardous one and not to be recommomh'il, 
as loss of ammonia would most likely ensue. 

Aclioii of 7 J me on ilrogcnmo^ Organie MaiJer, 

The action of lime on nitrogenous organic matter is 
of a very striking kind, and is by no means very clearly 
understood. r\s we have pointed out, it sometimes acts 
as an antiseptic or preservative; and this antiseptic or 
preservative action has been explained on the assump- 
tion that insoluble albuminates of lime are formed. 
Its action in such industries as calico-printing, where 
it has been used along with casein for fixing coloar- 
ing matter ; or in sugar-refining, where it is used for 
clarifying the sugar by precipitating the albuminous 
matter in solution in the saccharine liquor ; or lastly, 
in purifying sewage, — has been cited in support of this 
theory. While, liowevcr, there may be circumstances 
in which lime, especially in its caustic form, acts as 
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ail antiseptic, its general tendency is to promote tliese 
Icrnientative clianges, such as nitrilicatiun, so inij)ort- 
aiit to plant-life. 

An important use of lime in agriculture is in pre- 
venting the action of certain fungoid diseases, such 
as “ rust,” “ smut,” “ linger-and-toe,” Ac., as well as 
ill killing, as every horticulturist and farmer knows, 
slugs, Ac. 

liimintuhUion. 

We may, in conclusion, sum up in a single paragra])li 
Llie dilTerent ways in which lime acts. Its action is 
mechanical, chemical, and biological, it acts on the 
texture of the soil, rendering clay soils more friable, 
and exerting a certain binding elTect on loose soils. 
It decomposes the minerals containing potash and 
ether food -constituents, and renders them available 
for the plant’s needs. It further decom])oses organic 
Blatter, and promotes the important jirocess of nitrih- 
cation. It increases the power of a soil to lix such 
valuable food-constituents as ammonia and potash. 
It neutralises sourness, and prevents the formation of 
poisonous compounds in the soil. It increases the 
capillary condition of the soil, prevents fungoid dis- 
eases, and promotes the growth of the more nutritive 
herbage in pasture-land. 
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In tli(3 jn'cvious c]ia|)ici incntioii was made of gypsum 
as a (;om])ouiid of lime, but no rcfereiiee to its aeti'ai 
as a, mainiia; was made, Jii Llie. past, gypsum was 
used extensively and Idghly valued. It was found in 
be of especial value for clover; and tliere is a story 
told of llenjamin Franklin which illustrates tlie veiy 
striking nature of its action on this crop. It is 
related that he once printed with gypsum the words 
“ This lias been plastered ” on a lield of clover, and 
tliat for a long time afterwards the legend was 
plainly discernilde on account of tlic luxuriance of 
the clover on tlie parts of the lield whicli had been 
thus treated. 


Mode in irhirh Gijjmiin avis. 

Despite the fact that gypsum is a most ancient 
manure, it is only of late years that we have come to 
understand the true nature of its action. For long H 
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w.is tluii the reason of its striking elleeL in 

proiiioiing elover was due to llie fact that, as clover 
was a lime-loving ])laiit, the action of gypsum was 
Dwiiig to the lime it contained. That, however, the 
a* tioii of gy|).sum is not due to the faet that it sup- 
])lics lime to the plaid, seems evident w^hen it is 
stated that wen; this so, any other form of lime 
would have the same henelicial ettect. It is well 
known, however, that this is not so. besides, as 
we have already ])ointed out, linn; is not a constit- 
uent which most soils lack, so far as the necsls of 
tlie crop are concerned. There is a certain amount 
"i truth in the old belief that gyjrsum enriches the 
soil in ammonia by fixing it from the air. The pow'er 
that gypsum has as a tixer of ammonia has already 
liei!u referred to in the chapter on Farmyard Manure; 
i'ut in this ease the gypsum is hrought in coidaetwith 
the arnnionia. The origin of this old belief was due 
tu ;i inisconcepLion a,s to the amount of ammonia in 
the atmosphere. No doubt gyjisum greatly increases 
the t)ower of a soil to absorb animonia from the air ; 
hut the quantity of amnioiiia in the air is so very 
ti'illiiig, that its action in this respect is hardly worth 
‘-'oiisidering. The true explanation of the action of 
.UO’l'Suin is to be found in its effect on the double 
•"'iheates, winch it decomposes, the potash being set 
its action is similar to that of other lime 
^ciiipounds, only more characteristic. As a manure, 
tlierefore, its action is indirect, and its true function 
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is to oust lh (3 potash from its compounds. Its pecu- 
liarly favourable action on clover is due to the fact tliat 
clover specially benefits by potash, and that adding 
gypsum practically amounts to adding potash. Of 
course it should be borne in mind that the soil mu, si 
contain potash compounds if gypsum is to have its 
full cHect. iS^ow, however, that potash salts suitable 
for manuring purposes arc abundant, it may W(41 
be doubted whether it is not better to apply potash 
directly. Further, it must 1)0 borne in mind that 
gy])sum is appli(!d to the soil whenever it receivt-s a 
dressing of superj.)ospliute uf lime, as gy|)suni is one 
of tlie products formed by tnuiting insoluble phos- 
phate of lime with sulphuric acid. 

It is possible that gypsum may !ict as an oxidising 
agent in the soil, just as iron in the ferric conditioii 
does. It has a large quantity of oxygen in its com- 
position, and under certain conditions may act as ii 
carrier of oxygen to the lower layers of the soil. 
When it is used, it .should be applied some months 
before the crop is sown. 

Gypsum, therefore, although it contains two neces- 
sary plant-constituents, lime and sulphuric acid, can- 
not be regarded as a direct manure ; and as its action 
comes to be more fully understood, its use, which was 
never very abundant in this country, will probably 
decrease. We have already, in the chapter on Nitrifi- 
cation, referred to the action of gypsum in promoting 
nitrification. 
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Salt. 

TIig action of salt as a nianiiro i)rcsenls a problem 
wliieli is at once of tlui lii.i^licst interest and surrounded 
witli tlie greatest dinieulties. In vi(AV of the large' 
(laaatities now used for agricultural purposes, a some- 
what detailed examination of the nature of its action 
is nut out of place in a work such as the present. 

Antiquity of thr f > of Hult. 

The recognition of tlic manurial functions of salt 
I lutes back to the very earliest times. Its use among 
llio aiieients is testilied by numerous allusions in 
the t)l(l T('stanient ; while, according to I’liny, it was 
a well-known manure in Italy. The Persians and the 
Phiiiese seem also to have use<l it Irom time imme- 
uiurial, the former more especially for date-trees. 

Natme of Us Adion. 

Despite, however, the great antiquity of its use, 
uiiich ditlerence of opinion seems always to have ex- 
isted as to the exact method of its action, and as to its 
uicrits as a manure in promoting Vegetable growth. 
It furnishes, in fact, a good example of the dilllculty 
"^vhicli exists in the case of many manures, whose 
^etion is chielly indirect, of fully understanding their 
hilliience on the soil and on the crop. In fact, the 
fiction of salt is probaldy more complicated than that 
any other manurial substance. 
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^^|(U nol iK'ccssarif Phinl-food. 

We have already seen Had neither sodiinii iim 

clihn'ine — (lie two coirstitueiit elements of salt aiv 

in all ])rol)ahility ahsohUely iieecsssmy ])Iant-foo(ls. If 
they are neeessnry, the plant only recjiiircs them in 
minute Cjuantities. I)es])it(*. this fact, soda is an 
ash-constitiieid. of nearly every ])lant, and in many 
eases one of the most almndanl.. In amount il^ is one 
of the most variable of all the ash-eonstitueiits, heiiiy 
present in some jdants only in minute quantities, 
^vhile in others it oc(.‘urs in larea', (pianlities. Manyrl 
and ])lants of the eahl>ag(‘ tribe may be cited as ex- 
amples of ])lants containing large amounts of soda in 
their com])osi(ion. Ihit the plaids which (‘onlain ii 
ill largest (luantity are those which thrive on (In* sea- 
coast, and it has been thougbt that for tliem at least 
salt is a necessary manure. This, however, does net 
seem to be the case. In fact, the amount of soda in 
a plant seems to be largely a matter of accident, it 
may be added that the succulent portions of a plaid 
are generally richest in soda. 

('(t/i rcfiluci i- 

Again, it has been believed that soda is capahle el 
replacing potash in the jilant ; but this does not scciii 
to be the case to any extent. The view that soda is 
able to replace potash, it has Ijecm thought, is supported 
by the variation which o.xists in the proportion of soda 
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:iii(l ])()lii,sh ill (Uircreiit plants. Il iiuisi l)c; reinoiii- 
liL'icd, liowover, tlial. it is liii^lily protablL' tliat iiiusl 
|tlaiits roiilaiii a larger (piaiitity of asli-eoiistiliUMils 
tli.iii is alisoliitely iioeiissary for tlioir healthy gr^)^vth. 
I''s])c(jial]y is this the oasii with such ji iicccssaiy plaiit- 
tniul as ])o(ash, of which llu'ri' is giuicrally jirescnt, in 
all likelihood, an excess. Tin; variation in llu! (pian- 
tiiy of potash and soda |»r('sent in many ])laiils under 
dillcrent eirciimstjiiK'es can scarcely, therefore, he re- 
yarded as furnishing a ])roof of lln; replacement of 
jHiiasli hy soda.. Incidentally we may numtion, as a 
fact worthy of notieiy (hat cultivated plaids havi; 
more potash and less soda in tluMr comiiosition tlian 
v.ild plants. AVhat has Ixam s:dd of .^oda may he, ladd 
t" :dd*ly ohually to (dilorine, as it siauiis to he, (diiclly 
ill lliia form of common salt that soda enters the. ])l:iid. 
I'lie amount of .salt, t herefoi'e, ]>rescn(. in ])lan(s must 
ko regarded as largely accidental and dependent on 
^'xternal circumstances, siieli as the nature of the 
"'»il, See. 

S(dl of i(nir<'t'H((l (Jrcvrvt nvc. 
hut even ^yere salt a necessary jdant-food, its oceiir- 
U‘iiee ill the soil is already of siiHieient ahundanee to 
"kviate any necc.ssity for its ajiplication. Tl may he 
■"^'ud to 1)0, of almost nniver.sal occurrence, fhom the 
'ki' (oiitains it in traces. That this is the case in the 
Ucighhourliood of the .sea-coast is well known ; hut 
^‘^uii in air far inland, accurate analysis of the air 
^vuuld probably demonstrate its jireseiice in greater 
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(piautity Uiiui is coininonly believed. IL is a wist- 
provision iliat plants absorb salt, for it inert-asrs 
their elliciency as food,— the function of salt as a 
constituent of animal food being of the very liigliost 
importance. It is an indispensable food-ingrediimt for 
animal life. With regard to ordinary farm-stock, tlu- 
amount of salt which naturally occurs in their food is 
(piitc sufficient. In tlio case, liowcver, of pastures in 
countries far removed from tlie sea, the cusioiii of 
speciidly supplying stock with salt is common. This 
is done by jdacing a piece of rock-salt in the fields. 

Special Bourn'S of Suit, 

The salt of commerce is obtained from vai’ioiis 
sources. Ilesuh's the sea, we liave ample sources ol 
salt in the large saline deposits found in many parts 
of Muropc, e.spccially in Austria, and in England in 
Cheshire. 

The Adi on of Salt indirect. 

From what has been said above, it is clear that the 
jiction of salt as a manure is indirect and not direct. 
What the nature of that indirect action is we shall 
now proceed to discuss. 

Ill considering the evidence of the manurial value of 
salt, we are at once brouglit face to face with the fact 
tliat the experience of its action in the past has as 
often been unfavourable as favourable. Salt, it is well 
known, is both an antiseptic and a germicide. It is, 
indeed, one of the most commonly used of preserva- 
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lives. When np])lied in large t|nnntitie.s to the soil, 
it lias a most deleterious action on vegetation. Tin’s 
hurtful action of salt has long been known ; and it is 
as often mentioned in the writings of antiquity on 
account of its unfavourahh! as on account of its favour- 
ahle action. Thus, for example, among the ancient 
Jews it was customary, after the compiest of a hostihe 
I own, to strew salt on the enemy ’s ti(dds, for tin' pui'- 
poso of rendering them barren and unrertile. And 
again, among the Piomans, for tlie same purpose, salt 
uas often spread on a spot where some great crime 
had Ijciui committed. 

While, therefore, its unfavourable action has long 
fecn known, the fact that there are circumstances 
aiider which its action is, on the contrary, favourable 
ior t)romoting vegetable growth has also been long 
la.’cognised. The difficulty for tlie agricultural student 
to reconcile these two seemingly contradictory ex- 
I'criences. For the English agriculturist the subject 
possesses especial interest, since in England it has 
Ia'Gii in the past most generally used and its action 
^iio.st discussed since the time of Lord Bacon, who 
'discusses in his writings the action of solutions of it 
on different plants. 

The true explanation of salt being so different in 
action is to be found in the quantity applied, the 
nature of the soil, the crop to which it is applied, and 
conditions under which it is applied — i.e., whether 
d is applied alone or along with other manures. 
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Meehan uud Action on h>ol!>;. 

Til tlid lirsi, plare, it must lie noted that salt exi'ils 
a iiuadiaideal aetioii on tlie soil of a V(ny siinilai' kind 
to tlnit exercisc'd by lime. Wlimi ap[)lied to clay soils 
it causes a lloi'cnlation or coagulation of the tiiu' clay- 
particles, and thus prevents the soil from puddling to 
the same extent as would otherwise be the ('ase. In 
fact, an examph' of this action of salt when in solu- 
tion causing the ])reeij)itation of line suspended clav(‘V 
matter, is arforded liy the formation of deltas at llic 
mouths of rivers. Tlu' pow(‘r of clarifying niinkly 
water is common indeed to saline solutions. Seliloes- 
ing attributes tlu*. clarifying power of a, soil lo the 
pi’esenei! of the saline niattm’s it contains; and from 
this ])oint of view it would appear that manures eim- 
taining any saline substance may {^xert an importanl 
mechanical inllmmce on the soil. 

Aolmit ^ iclion. 

Ihit a, much more important jiroperty of salt is its 
solvent action on the ]>]ant-food present in the soil. 
Its action in di'composing tlu'. miiuirals coiitaiinng 
linuy magnesia, potash, S:c., is similar to tin? action 
of gypsum. Tly acting ii])on the double silicates it 
liberates these necessary plant-foods. It is not oid} 
on the basic substances upon which it acts, but also 
on the pho.sphoric and silicic acid.s, which it sets foc. 
Its ])ower of dissolving ammonia from the .soil is con- 
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sidfi'iible. ExpCTiniciils witli :i weak sohitioii of salt 
(111 a soil l>y Peters and l^eliliorii to test its solvent 
]H)\ver, showed that the salt solution dissolved move 
ilian twiee as much [)otash and nearly tidily times as 
iiiurli ammonia as an (Muial quantity of pure water did. 
When a])iilied to the soil, it s(;ems ehielly to liberate 
lime and magnesia. The exact nature of tin; ehemical 
aetion tidving place is a point of some dubiety. Ac- 
conling to some, it is changed into nitrate of soda; 
aeeordiiig to others, into carbonate of soda. The 
latter theory seems to Ixi the more prohal)le omx Its 
ai'fion on the lime and magnesia eompounds is to 
eoiivml them into chlorides ; and this chemical reae- 
lion explains the action that salt has in increasing 
the water-retaining and waUsr-absorhing powan* of the 
snil ; for the chlorides of magnesia and linn; are salts 
which have a great power of attracting water from 
tin; air. 

Again, the very fact that salt acts as an antiseptic 
>iiay serve to explain its heneiicial action in certain 
eases where it jirevents rankness of growth. No 
houht this was its function wlnm applied along with 
Peruvian guano. This it might do by preventing 
teio rajiid fermentation (nitrilication) of the manure, 

by actually weakening the plant. Its action when 
‘d 'plied with farmyard manure may also hi? similar. 
Pnit while its ell’ect in many cases nniy he towards 
retarding fermentation, on the other hand its action, 
when applied along with lime to compost-heaps, is 
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towards promoting more rapid docoin])osition. rrol)- 
ably a reaction takes place between the lime and tlu- 
salt, tlic result of whicli is the formation of caustic soda. 

Sucli arc some of tlie ways in wliicli salt m;iy a('t. 
It must, at once be S(!en bow its action in one casi' 
will l)e favourable and in another case unfavouialjlc, 
There must be fertilising matter ])resent in the soil 
if it is to act favourably. Again, it will only Ik* 
under sucli circumstances, where rankness of growth 
is likely to ensue, that its antiseptic properties will ad 
favouraldy and not unfavouraldy. 

J)CHt list'd in small Qjiantiiit’s alonij with Manures. 

rrobably it is for tliese reasons that its action has 
been found to l)c most favourable when applied along 
with other manures and not alone. Applied along 
with nitrate of soda, as is commonly done, it douhllos.s 
increases the ellicieney of the nitrate. Some plants 
seem to be undoubtedly benefited by salt: of thi'se 
ilax may be mentioned. The application of salt b' 
plants of the cabbage tribe s(‘.eins also to be highly 
beneficial. On mangels, along with other manures, it 
has also been found to have a very favourable eficct. 
But with many crops its action has been proved to 
be less favourable. 

Affects Quality of Crop. 

Although salt has often been foinul to increase the 
quantity of a crop, the quality of the crop has been 
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iiiinlo to .suiter. Its ucticui on beetroot luis been more 
(‘Specially stiulicul. The eltbct ot its application is to 
lessen the total rpiantity of dry matter and sugar in 
ilie ])laiit. This has l)een found to be the cast', both 
when tlic salt was aptjdied alone and along witli 
nitrate of soda and other manures. On potatoe.s, 
again, its action lias been found to b(‘. deleterious, 
li'ssening tludr percentage of starch. The deleterious 
action of chlorides on the (juality of potatoes is also 
seen when potassium chloride is a])plied. It is for 
tliis reason that pota.sh .should never be a])plied to 
lliii potato crop in the form of (hloride. 

In th(^ late Dr Voidcker’s ojiinion, the erjiiditions 
under which salt had the most favourahle actie)n on 
the mangel crop was in the ca.se of a. light sandy .soil, 
and applied at the rate of 4 to 5 (*wt. |)er acre. Its 
action when apjilied to clay soils was not so favour- 
ahle. 

Hate of Apjdiratioa. 

Lastly, the rate at which it may be applied will 
naturally vary. From 1 cwt. and even less, up to 
h cwt. (U’ even more, has been the rate at which it has 
i'ceii commonly applied in the ]Kist. From what has 
hcen said, it will be seen that it is more likely to exert 
u favourable inlluence when applied only in small 
tinantities. 
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TIIK APIMJCATION OF MANUJIFS, 

Tiik conditions wliicli regnlaio tlio ai:»plicatioii <>1 
in;iniir(‘s are many and and the subject, it 

must be admitted, d(‘S]ute tin* large amount of iuv('^- 
tigati(.)n ali-cady carried out, is most imperfectly uiidi'r- 
stood. For tbcs(‘. reasons it is im])ossible to do little 
more than lay down certain general ])rinciples wliieli 
may be of service to the agriculturist in guiding Iiiiii in 
carrying out the manuring of his crops. 

J'Djhicnce of Manures in incrrasinff Soil-frrtilifj/. 

In the first place it may be asked, I low far can vlnit 
we may (‘all the permammt fertility of a field be iiitbi- 
eiiced by the application of manures ? And to ll'i^ 
question the answer must be made, that the inlluence 
of manuring in increasing soil-fertility is very sligM 
and only very gradually felt. This is illustrated by 
the dilliculty experienced in attempting to restore b» 
fertile condition a soil which has long been treated by 
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,111 (‘xliaiistivc sy.st(‘/iii of cultivation. In such a case 
it will be found iinpossible to restore llie fortility of 
ilic .soil, excG])t very s^radnally. Ibinm'i'.s who farm 
ill lU'W countries, and in rich virgin soils, litth^. lax'dise 
sDiiicliiiies how (jiiicdvly tlu'V may imj»(i\'erish the ho'' 
lility of their soils by exhaustive Ircsilimml, and how 
slow llui |)roe(‘ss of restoration is. Xor is this straiii^i' 
when we rellect ‘on the relatively small (|iiantiti('s of 
hi'tilisiiig' ingredients W(‘ are in the habit of adding to 
tlic soil by the application of manures, and tlie natnn' 
Ilf t!u‘ir action. The small rate at which they an^ 
ii])])lied, and the imiiossihility of distributing thi'in 
ciiually in the soil, exjdain liow eomjiaratively limited 
their ai'tion must necessarily l)e. Soim' manures, it is 
true — viz., those which are sohdile — are more ei^ually 
ilistributed ; but tlum such manures, from their very 
'lature, are little likely to arfect the permanent iertility 
ef the soil. 

hijlucim: of Farm yarJ Manure on the Foil. 

* M' manures which have the l)e 8 t eneet in im])roving 
soil’s permanent fertility, farmyard manure is uii- 
houhtedly the most important. 'Idiis is owing jiartly 
fo the fact that it is applied in such large (piantities, 
'^'id partly on account of its composition, biheral 
’iiauuring with farmyard manure, systematically carried 
will in time do much to l)uild up a soil’s fertility, 
^hit liheral manuring with artilicial manures will also 
^‘hect the same end. This it does in an indirect manner 



47G 


THE APPLICATION OF MANUKES. 


by means of tlio increased crop residues obtained niulei 
siicli treatment. Lideed one of tlie specdi(‘st methods 
of bringing a soil into good condition is by licaA’ily 
manuring certain green crops, and then plougliing them 
in. 

Farmyard Manurr v. Artijhiali^. 

Tlic rpiestion bow far farmyard manure may be 
su|)planted by artifici.als is one often discussed. Wi' 
liavc alr(?ady referred to this (piestion in tlic chapler 
on Farmyard iManure. It is possible that, with our 
increasing knowledge of agTicultural science^ wo may 
in tlie future be able to dispenst; with farmyard 
manure, and make shift to do witli artificials alone. 
At jmesent, however, all our experienct'. points to the 
fact that the most satisfactory results are obtained 
from manures by using artificials in conjunction with 
farmyard manure. It is better both for farmyard 
manure and artificial manures to be applied together,^ 
so that they may mutually act as supplementary the 
one to the other. While this is so, there may be cir- 
cumstances in which it will be best to use artificials 
alone. Where, for example, liclds, owing to their 
situation, are inaccessible, and where the expense of 
conveying the bulky farmyard manure would be very 
considerable, it may be found more economical to 
apply tlie more concentrated artificial manures. Witli 

^ Thongli not necessarily at the same time or to cacli succecdiii.i,' 
crop. There may be comparatively long intervals between the ai" 
plications of farmyard manure in many cases. 
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few exceptions, however, it will be found most desir- 
able. to use artificial manures as sup[)lem(intary to 
farmyard manure, and not as substitutes for it. 

Fiirmi/ard Manure not far ouraUc to rertain Oro]r<. 

Wbib'. the al)Ove is true, it may be well to point out 
one or two facts regarding the nature of the influence 
of farmyard manure on certain crops. For instance, 
it lias lon<.,^ been recognised as inadvisable in strong 
ri(‘h soils to a])ply it dire(*t]y to certain grain crops, 
.sucli as bai'ley and wlieat, since sucli a practice is 
apt to encourage rankness of growth — an undue de- 
velopment of straw at the exiiensc of the grain. It 
is coiise(|ucntly customary to ap])ly faiaiiyard manure 
t" the preceding crop. The direct application of 
farmyard manure to wlieat, however, according to Sir 
'1. I). Lawes, is not fraught witli unfavourable results 
where the soil is a light one ; it is only when the soil 

of a heavy nature that it is licst to apply it to the 
preceding crop. Potatoes are another crop to which 
it is best not to apply it directly. On the other hand, 
many are of the opinion that mangels seem to be 
able to benefit from large applications of farmyard 
manure. 

^djulitions dctcrniminff the Aiyplicaiion of Artijieial 
Manuri’s. 

Ill the application of artificial manures a large num- 
ber of considerations have to be taken into account. 
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Among these may be meiitioiiecl the nature oi tlic 
manure itself, and its mechanical and chemicrd condi- 
tion ; the nature of the soil and its previous treatment 
with manures, as well as the nature of the climate, 
the initure of the cro]), and tlie previous cropping. It 
may be well, therefore, to examine somewhat in detail 
some of these considerations. 

Kalure of the iManure, 

Nitrogen, phosphoric acid, and ])otash exist in the 
common manures, as has already been pointed out, 
in difTerent states of availability. Nitrogen, for ex- 
ample, may exist in a soluble or insoluble condition, 
as nitrates, as ammonia., or in various organic forni,‘<. 
riiosphoric acid, similarly, may exist in a soluble form, 
as it does in superphosphate of linu', or in an insoluble 
form, as it docs in boiu's or basic slag. Potash, on 
the other hand, exists — or should exist — in artificial 
manures only in a soluble form. Now a correct know- 
ledge of the behaviour of these different forms of the 
common manurial ingredients when applied to the soil 
is, in the first place, necessary for their successful and 
economical use. 


Ab‘ / ro(j ni oifs Jllanvres. 

Thus our knowlcMlge of the inability of the soil- 
particles to retain nitrogen in the form of nitric 
acid, as well as our knowledge of the fact that 
nitrogen is in this form immediately available for 
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lln! plant’s needs, teaches us that nitrate of soda 
slionld never be applied before the plant is ready 
1(1 utilise it— in short, that it should only be ajiplied 
as a top-dressing; and further, tliat the use of such 
a fL'rtiliser in a damp season is less likely to be 
ecoiioniieal tlian in a dry oiu', Again, with regard 
to nitrogen in the form of ammonia salts, our know- 
KMlgo of the fact that ammonia is retained by tlui 
soil - jiarticles, and that before it Ix^eomes available 
lor the plant’s needs it has to undergo the process 
<»f nitrification, teaches us the d(‘sirability of a])ply- 
iiig it a short time before it is likidy to be used, 
^^liile, lastly, with regard to tlui nitrog(m in the 
various organic? forms in which it occurs, our know- 
Icil^L’c of tlu' rate at which these are converted into 
iiii available form in the sail will deterniine when 
fiiey are best applied. Some forms of oiganic niti’o- 
,^eu are in a solulde condition, and are quite as 
‘^pvedy ill their action as sulphate of ammonia. This 
Ihe case with a considerable proportion of the 
^iill’erent organic forms of nitrogen present in guano. 
IHlier forms of organic nitrogen are only slightly 
less so — as, for example, dried blood, which ferments 
speedily. With regard, therefore, to nitrates and 
•^'"laonia salts, as well ns the more quickly available 
loniii^ (,f nitrogen, they .should eitlicr be a])- 
I'^ied as a top-dressing after the plant has started 
ftiowth, or only shortly before seed-time. Bones, 
■'^lioddy, and the various so-called native guanos, should 
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be appli(i(l a considerable period l)of()re Uu'y aiv 
likely to bo required — not later tliaii tlie ])revi()iis 
autumn. 

PJiosphalie Manures. 

Witli regard to })liospliatic manures tlie same eoii- 
sidcrations hold good. Inasmucli as phosphoric acid, 
wliether applied in tlie soluble (amditioip as in super- 
phosphate, or the insoluhle foi'iii, as in bones, basic 
slag, &c., is not lialile to be washed out of the soil, 
the risk of loss is very slight, and need not be taken 
into account. As we have pointed out in consider- 
ing the action of superphosjihate, phosphoric acid in 
this hitter form is more speedily available to the 
cro]-), and the necessity of applying it much befoi’c 
it is likely to be used does not exist, lienee siqier- 
phospluite and manures which contain any {ip|)reciahlc 
amount of solulde phosphoric acid, such as guano, 
should only be applied shortly before seed- time. 
Hones, basic slag, or mineral phosphate ought to he 
applied, on the other hand, a long time before they 
arc likely to be used. Heii'Ce an autumn application 
is to be recommended in the case of such manures. 

Potash Manures, 

Lastly, with regard to potash manures, as these 
arc solul)le, there is no necessity for applying them 
much before they arc likely to be absorbed by the 
plant. Some are of the opinion that potash is, ex- 
cept in the case of sandy soils, best applied .^"ine 



rOTABII MANUliKS. 


181 


little tiiiiG before it is likely to be used, so as to 
permit of its being washed down into the soil — a 
jtrocoss which takes place only comparatively slowly. 
As potash manures have often been found to give a 
1 letter result on pastures during the second year than 
(luring the first, they are best applied in the autumn. 

The abov(‘. statement as to tin* behaviour of tlie 
(lillerent fertilisers when applied to the soil, has a 
not unimportant bearing on the quantities in which 
they may safely be respectively applied. The rate 
at which manures may be applied depends, as we 
sliull immediately see, on other conditions; but what 
it is here desiralde to point out is, that it is not 
•^ate to a])ply such manures as nitrate of soda, or, 
lor that matter, sulphahi of ammonia, in large (piaii- 
tities at a time. In fact these manures, especially 
the former, will best be a])plied in very small quan- 
hties, and rather in several doses. With regard to 
other manures, more especially phosphatic manures, 
the same reasons for small application do not exist. 

The truth of the above statements is so obvious 
that it may be regarded as superfluous to make them. 

however, their clear apprehension is essential to 
understanding the conditions of successful manuring, 
uo apology need be made for making them. 

Nature of Soil. 

Another condition which has to be taken into 
account in considering the application of manures is 
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the nature of the soil, as well as its previous Ireai- 
inent. Soils poor in ui’ganic matter are those wliirh 
are most likely to be henefited by the application of 
nitrogenous manures. Soils of a dry light eliaracicr 
retpiire less phos])horic acid tlian they do of nilro^rii 
and potash; while on a damp and heavy soil ])lios- 
phatic manures are more likely to bo bcnieficial lliaii 
niti’ogxnious or ])otassic manures. Lastly, a soil ikli 
in organic maitei' geiu'rally rcfpiires phosphates, ami 
possibly potash. A point of considerable im])ortaii('C 
to notice is, that a soil rich in lime can stand a larger 
application of phos])horic acid than one poor in lime. 
As a rule, it will be found that the best results will) 
potash will 1)0 obtained when ai:)|)lied to a sandy soil. 
The nature of the soil is an im|)ortant consideration 
in determining how far it is advisable to apply readily 
soluble manures. To a. very light and non-retentive 
soil the risk of loss in applying an easily soluble 
manure is considerably increased. The nature of the 
climate is also of imporlancc. Thus, in a dry climate, 
manures of a soluble nature will have a better elleet 
than in a wet climate, while the opposite will be the 
case with the more slowly iicting manures. 

JVaticre of irrcvious Manuring. 

A consideration of ecpial importance is the previous 
treatment of tlie soil with manure. For example, 
where a soil has been liberally treated with farmyard 
manure, it has been found that mineral manures have 
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u very inferior clTect to tliat obtained by nilronenons 
niiinure. Lawes and Gilbert bave found tliis to l)c 
siriking-ly tlie ease in their experiments on tlie j^n'owtli 
of wlieal. In these experiments it was found that 
tlio ai)plicatioii of mineral manures was aeeompunied 
with littlii or no benefit to tlie erop, wliensis very 
St l iking results followed tlie applieation of nitrogen. 
This Lln'y attributed to tin' fuel that tlie supjfiy 
oi' mineral ferlilism’s in the stimw of the farmyard 
iiiiuiure is largely in exeess of the su])ply of nitro- 
gen. The nature of the aetion of the manui'e jire- 
viously applied is also to lu' taken into aei'oiint in 
'leleimining bow long its inlluenee may ])robably last. 

here, for example, the manure lias been nitrate 
"f soda, or sulpbaU^ of ammonia, it may be safely 
'-‘iinelnded that its direct inlluenee is no longer felt 
year alter applieation. The inlluenee of super- 
pli'jsphatc of lime, wliih' scarcely so tem])orary, may 
'je said to last only for a comparatively short time.’ 
'hi the other hand, when the manure a]»]ilied is of a 
^low- acting nature, such as bones or basic slag, its 
’ullueiice will probably be felt for a number of years. 

Xaiurc of the Crop. 

i^ut more important than any of the above -men- 
fioued conditions is the nature of the crop itself. 

^ Of course wliat is meant here is the direct inlluenee of sucli man- 
Their indirect value may he .shown in the .soil by the increased 
residues they give rise to. 
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Our knowledi^c of the i-C([iiireiiienls of the (.liHeit iu 
hinii crops is still very iiiipcrfeet, A very widr ex- 
perience, -howevi!!-, of the effect of diHereiit iimjiiiivs 
oil dilfereiit crops, has coiiediisively proved tliat llieir 
iiiaiiurial rcquireiiients dilf(;r very considerably. TIi(‘ 
subjexd' is complicated hy other coiisidm’ations, siicli as 
the nature of the soil, vlvc.; Init notwithstanding’ lliis 
fact, certain points seem to he jiretty well estaltlislied. 

In seekin^L!,’ to understand tluj respective rc([iiirc- 
ments of the dilfcrent cro]»s for diriereiit fertilisers, 
two important considerations must he home in mind. 
Idiese are — (1) the qiiKutUles of the three /crfilisiii;i 
'Dif/reitieuts — iiitro(/eit, '/iho.^/ihorle aeiit, and 
'whieh difereiit erojis re mu re from the soil; and (2) 
the dif'erent poieer erops po^isess of asalneiUttiiKj 
imjredicnU. 

Anioiudi^ of Fertilm 'ni(f fuifredieiits remored from 
the Soil hjf dif'erent Crops. 

Idle most convenient way of institiitin^i;' a compari- 
son between the recpiirements of the dilfcrent crops 
ill this re.spect is by calculating the amount, in 
])Ounds, of nitrogen, |)ho.sphorie acid, and potash, wliicli 
average amounts of the dilfereiit crops reiiiovi; per 
acre. The following table shows this for the conunou 
crops : — 
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From tlio taldo it will 1)(! seen tliat tlie crops wliidi 
remove the largest qnaiititics of all three fertilisiin^r 
iiigrediciif^ arc the root crops — mangels and turnijis; 
that Ixians remove twice as miudi nitrogen as llic 
cereals — oats, liarh'.y, and wheat — which, in this in- 
spect, practically difter very little from one anotlicv; 
while potatoes removal a])ont the same quantity of 
nitrogen as tlic cen'als. Tt will furtlier he noli('('(] 
that the amounts of phosphoric acid removed by llic 
dilTerent cro|)S dider v(n’y much less ilian ihos(' of 
nitrogen and ])otash. Mangels remove slightly mnri', 
and turnips slightly less, tlian double the amoiuit 
removed by cei'cals. Meadow-hny, it will be sc(‘ii, 
of all crojts removes the least ])liosphoric acid. 

Ill looking at the amounts of jiotasli, we arc at oiict' 
striKik by their giaeat disci’epancy. Sucli a crop ns 
mangels removes more than six times as much })otash 
from the soil as the cereals. Turnips also make largo 
demands on this ingredient, removing over four times 
as much as the cereals. Leguminous crops, sucli as 
red clover and beans, nunovc about twice as mucli. 

Capacitjj of ( ^rops for asdmilating Man'n.rcs. 

Instructive though these ligures undoubtedly anv, 
they mmt not he regcmlcd, as ofkn erroneously they uec, 
as furnishing hy thcanseires suf/icient data upon u'huh 
to base ike practice of manuring. A consideration 
which is of much greater importance is the capac- 
ity that diderent crops possess for assimilating (be 
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various manurial ingredients from the soil. Con- 
si(l(‘red from tlio point of view of a,l)solute amount, 
tluo’e is in most soils an abundant si4)ply- of plant- 
food; Init of this amount only a small proportion 
is available. Further, the amount of this availidde 
])]aut-food will vary with dirterent cro])S — oiu' crop 
]i(Mug able to grow wlu're anotlnu- (*rop would starve. 
As illustrative of this, in the Norfolk ext)eriments 
it was found that the tui'nip was able to assimilate 
potash from a soil on which tlie swede, was practically 
starved. It is on this fact more than any otluu’ that the 
jn'inciples of manuring arc based. Several ex])lauations 
of the dirterent capacities crops possess of assimilating 
tlicir food may he ])ut forw:ird. And we may luu’e 
[)oiiit out that crops lielonging to the same class exliihit, 
oil the whole, a certain amount of similarity in their 
laanurial re([uireinents. Thus, for (‘,xam])le, we may 
say that gramineous crops so far resemble one another 
in possessing mall c(q)acU/i for asdinil((iiug 'idlnigcii, 
eoot crops for assimilatiig/ phospJtora: acAd, and Icgu,- 
iiiinous crops for assimilating poiash, and that, conse- 
'[ueiitly, these crops a, re generally most henetited by 
die application, respectively, of nitrogen, pihosjihoric 
acid, and potash. Ihit while a certain general re- 
semblance exists, crops belonging to the same class 
difler in many cases very considerably, as we shall 
immediately sec. 
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Diffcmicr in Jioot of iUffarnt (hr>jjs. 

Olio oxplaiKitioii of tile diflorcnt capacity jiossi'ssoil 
by (liircrciit crops for absorbing plant-food from tlu' 
soil is to bo found in ibo (lirforonco of tboir root sys- 
toms. Every agriculturist knows that crops in this re- 
spect dillbr voij widely. ( ■ro])S baving dis'p roots will 
naturally bavi; a. larg(‘r surface of soil from wliicli to 
draw tboir food-su])plies than crojis liaving sliallower 
roots. Such crops as red clovi'r, wheat, and mangels 
are able to draw tboir food-suppli(‘s from the subsoil 
to an extent not jiossossed by shallower-rooted ci'o|ts, 
such as barley, turnijis, and grass. Cro])s having 
surface-roots, on the other band, have often greater 
capacity for assimilating nitrogen, — this ingrodieiil, 
as has already been ])ointed out, being chi(‘lly located 
in the surface-soil. Tlu; tendency of growing shallow- 
rooted crops will tli(‘rcfore be towards impoverishing 
the surfa(!e-soil ; wdiereas the occasional growth of a 
deep-rooted crop brings the plant-food in the subsoil 
into re(|uisition. In this connection it may be wxdl 
to draw attention to the singular capacity possessi'd 
by certain crops for absorldng nitrogen. Of those the 
case of clover is the most striking, and has long 
puzzled agriculturists. The discovery, which has been 
repeatedly referred to in these pages, that the legumi- 
nous order of croirs, to which clover belongs, have the 
power of absorbing the free nitrogen of the air through 
the agency of micro-organic life in the plant and in 
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tlic soil, lias furnished an e.x plan a I ion of this lon^- 
ilelialed proldein. 


7V/’?VW of Oroai/i. 

A fuilher reason is th(‘ dirierenei' in Ihe ]ierio(l of 
:i croji’s j^rowth. A ero]) which i^rows (piii'kly, and 
cttiiseiinently occipiies the , ground diirinn' a coinjiara- 
lividy short period, will naturally napiire a ricJiei’ 
soil, and therefore a more liberal trealnient with 
iiinnure, than one wliose ji^rowtli is mon.' , gradual. 

Another eonsideration is tin* season of the yeai’ 
iluriiif^ which active i^rowth of the crops takes jilace. 
J'or exani}>lo, in the ease* of the wln^at crop, active 
growth takes ]tlaco in s])riny and ceases early in the 
Slimmer. Siiu'C, however, nitrilication ^oijs on iyi;ht 
tliroiigh the snnimer, and nitrates are most ahnndant 
111 the soil in late snmnu'r and antnmii, such a, ci'op as 
wheat is ill suited to obtain any beiielit from this 
hoinitifnl provision of natnn', and is (‘onseipiontly 
imi ticnlarly bcnelited by the a])plication of nitroj^en- 
ons iiuinnres. Eoot crojis, on the other hand, sown in 
summer, continue their active growth into autumn, 
uiid are thus enabled to utilise the nitrates formed in 
die process of nitrification. The custom of sowing a 
iiuickly growing green crop, such as rye, mustard, 
^upe, (fee., after a wheat crop, is a practice which aims 
ut conserving the nitrates and jireventing their loss 
uutumn and winter rains. Tlie name “ catch 
^^op^’lias been applied to such a crop. By plough- 
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ing under the green crop, t]i(‘. nitrogen reninved from 
tlie .soil in tlie form of ea.sily soluble nitrates is re- 
stored in an insolnl)le organic form, and the soil is 
at tlie same time (mriched by tlie addition of miu li 
valnahh^ organic matter.^ 

It is (ddelly the above facts tliat form the seientirK' 
basis of th(i long-pnrsned })ractice of the rotation oi 
crops. 

Variation, in Compodtion of (troijs. 

A point of consideralde interest is the inlliieiico 
('xei'ted l>y manures on tlie coni])Osition of cro|)S. It 
has IxH'u assniiKHl in tln^ preceding pages that ilie 
composition of crops (»f the same plant is niiifoi'in: 
but tliis is not strictly tlic case, as it has been proved 
tliat not. merely tlie manure and .soil have an apjavei- 
a])le inlhumce. on the crop’s composition, hut so also 
has the climate. 

. I hsorpti on of Plan t-food. 

The laws regulating the absorption o^ plant-food 
arc most interc.sting, altliough, unfortunately, very 
imperfectly understood as yet. The fertilising io- 
gredients are capable of considerable movement ui 
the plant, and are only absorbed up to a certain 
period of growth. This in many plants is reached 
when they flower. After this period tliey are no 

^ This is very coucisply .and dearly put in Mr Warins^i'iii 
.adinirablo ‘Ohemi.stry of tlie Earin.’ 
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loiin'CT capable of alisorl^inp; any move food. The 
|)o]mlar belief tliat plants in ri])eiiii\^ exliaiisi tlie 
soil of its fei'tilising inattevs is eonseipieiitly a fallacy. 

/ar/'/vr/ZcriCs lodur in the SWd. 

The tendency of fertilisiiip' matters is to move up- 
wind in tlie plant as it matun's, and linally to bei'omo 
Indyed in t1u‘ seed. Tt is for tins K'ason tliat tlie 
('('iF'als prove sucb an exliaustive crop. That nature, 
however, can in certain cases be very eeonomii'al of 
her food-supplies, is strikingly illustrated by the fact 
that much of tlu' fertilising matter eontaim'd in the 
aiature leaves in autumn ])ass(‘s back inlo the tnie 
helore the leaves fall from it. 

Forms in vdikli Nif rof/m rxisfs in IHards. 

The form in wliich nitrogen is prescait in the jdant 
IS ehielly as albuminoids. As, however, albuminoids 
helong to that class of bodies known as colloids, whi(di 
cannot easily ])ass through ])orous membranes like 
those forming the walls of plant -cells, they are 
changed during certain jicriods of the phint’s growth 
into amides, which are crystalloids, and conserpiently 
nhle to move freely about in tlui plant. Amides are 
most abundant in young plants during the period of 
tlieir most active growth, and as the plant ripens the 
niaides seem to be largely converted into albuminoids. 

^Vhile the subject is not very clearly understood, it 
^vould seem to be pretty conclusively proved that 
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tlicrc is a direct relation between the ninonnt of tli,. 
])]ios})]inrie jicid and of tlie nitrogen id)sorl)e(l. 

Jh arwr/ of ahovr Facts on AgricvUural Vracticc. 

Tlie l)oaring of t]ie.s(‘ fac-ts upon practice is ol)\ ions, 
In tile first ])lace, tlu'y sliow liow important it is Hint 
plants sliould be well fed wlien tliey are young, iiinl 
that in the jiractice of green nianuiing it is best, to 
plongb in the cro]) wIk'ii it is in llower, as no addi- 
tional bonclit is gained by allowing it to ripen, sindia^ 
that no fnrtlier absorption of fertilising iiigredieiiis 
takes pkice after the period of tlowering. 

JihJJ'Ucnrc of c.cccssivc Mao in'huf of Crops, 

The inlluence of largv (piantitios of mannri's is 
seen in the case of cerlain I'oot (3i’ops. It is found, 
in sneh a case, (bat while the roots arc largx'r, Ihcy 
are iiioro watery in coinjiosition and of less nutritive 
value. Again, it seems to be a fact pretty generally 
known to practical men, tbat nitrate of soda seems to 
have a bad ellect (m the quality of bay* It would 
seem, further, that the inlluence of nitrogenous fer- 
tilisers on cereals is to increase the percentage of 
nitrogen in the grain, but that they have no sneh 
inlluence in the case of leguminous crops, bhos- 
phatic manures, on the other hand, in the case of 
leguminous crops, seem to have the effect of diminish- 
ing the amount of nitrogen in the seed. 
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ClLArTKi: XXllI. 

MAiNUJUNG OF TllK COMMON FAICM CItOl’iH. 

In this cliaiitcr wi; .sh;ill alkMiipt lo .siiniiiiarisc brielly 
tlio results oi‘ experiments on the nmnnriii.^ of some 
"i the eommoner crops, ami we shall start with tin; 
iiiamiring of cereals. 


CKJtEA J.S. 

As we liave already pointed out, a eertain similarity 
111 the maiiurial requirements of the dirierent members 
lA this class exists. They are characterised, for one 
thiii^r, by the comparatively small quantity of nitrogen 
they remove from the soil — less than (‘ither leguminous 
111’ root crops. Of this nitrogen the larger proportion 
—amounting to two-thirds — is contained in the grain, 
the straw only containing about a quarter of the total 
iiiaount of nitrogen in the plant. The amount of phos- 
phoric acid they remove from the soil is not much 
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less tlian lliat removed l»y the other two classes ut 
cro[)s ; ])iit tin's, again, is also chielly in the graiii. It 
is on tliis ticcount that the cereals may be regarded, in 
a sense, as exhanstive crops, seeing that the grain is 
almost invariably sold off the farm. Ihit, on tlie 
other hand, owing to the com])anitively small de- 
mands they make on fertilising ingredients, ccrenls 
will continue to grow on poor land for a longer ])ei'ied 
than most crops, — a fact of very great importanee fur 
mankind. 

J'Jsjmudllf/ bcncjlk'd Jry Xitrof/enous Jllanurrs. 

Despite the fact that cereals remove comparati\'ely 
little nitrogen from the soil, it is somewhat strikiii,!;' to 
liiid that they are chielly benelited by the application 
of nitrogeiious manures. This fact may be (ix|»laiiie(l 
by tlie shortness of the ])eriod of their growth, and the 
fact that they assimilate their nitrogen in spriiri 
and early summer, and are thus unable to utilise la 
the full the nitrates whicli accumulate in the soil 
during later summer and autumn. As tliey seem t" 
absorb their nitrogen almost exclusively in the form 
of nitrates, they are especially benefited by the appli- 
cation of nitrate of soda. 

Power of ahsorhing PUicates. 

A characteristic feature in the composition ot 
cereals is the large amount of silica they contaiu* 
In common with the grasses, they seem to possess a 
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jiowcr, not possessed by other crops, of feediii^if upon 
silicates. 

The special manure, tlicrefore, rcapiircd for cereals 
is a nitrogenous manure, and tliat, as a. rule, of a 
s|)e(‘(li]y available cbaracter, such as nitrate of soda or 
sul|)liate of ammonia. Furthermore, certain nuunbers 
of the group arc also s])ccially benefited by ])liosphatic 
manures. 

AVe shall now consider individually a few of tlie 
more iuiportaut cereal crops. 


Ibvm.EV. 

f)f cereal crops barley deserves to be considered 
fiist, owing to the fact tliat it is, of all grain crops, 
die most widely distributed. In Jmgland, in amount, 
it comes next to wheat among cereals. Its haliits have 
fdso been studied in a very elaborate and careful man- 
and have been made the subject of many experi- 
amiits, both in this country and abroad. 


Period of Growth, 

Ihe first point to notice about barley is the fact 
diat its period of growth is a short one. This has a 
^Rost important bearing on its treatment with manure, 
it may be said to ripen, on an average, in thirteen or 
ifiurteen weeks in this country ; although in FTorway 
Sweden its period of growth is much less— viz., 
six to seven weeks. Indeed no fewer than three 



too 


MANUIllNt; OK THE COMMON KAKM CUOPS. 


crops liavc been obtained in one year in certiiin dis- 
tricts in tlie.se conntries, and two cro))s are coininon, 
Witli regard to tbe jieriod of its growth, it dillers 
from wheat, wliicli in its general rnannrial iiMpiiic- 
nients it reseniblos. AVlieat, wliicli is largely souii 
in autumn, lias four or five months’ .start of hurley, 
broiii the fact that it is a short-lived crop, and Unit 
its roots are shallowm' than wheat, and draw their 
nourishment chiefly from the .surface-soil, it beiielils 
to a greater (extent from liberal manuring than wheat, 
which is more independent of artificial sup])lics of 
fertilisers. 

Mod suiUihU' Hail. 

Again, while wheat does well on a heavy soil, and 
does not reipiire a line surface-tilth, barley does host 
on a light, rich, frialde .soil. It has, however, hcon 
very successfully grown on a heavy soil after wheat. 
Barley beiiefits more tlian wheat does from the aji- 
plic.ation of superphosphate of lime, or some other 
readily available plursphatic manure. This may he 
accounted for by its shorter period of growth .and 
shallower root .system, which thus prevent it drawing 
much mineral sustenance from the subsoil. In fact, 
spring-sown crops, as a rule, benefit more from super- 
phosphate than autumn-sown crops. The exhaustion 
of a soil under barley is essentially, as in the case 
of wheat, one of nitrogen, as Sir J. Henry Gilbert 
has pointed out.^ 

^ See his Lecture on the (Jrowth of Uarley. 
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Farmyard Manurr not saUidjlr. 

Il lias heoii in’^cd, witli soiiiii show of reason, that 
t'ainiyard iiiaiiuro is not suitahhi for barley, as its 
aclion is loo slow to liavc niiicli iidlucnee on so 
slioil - lived a plant, and that only quick - actin^i;’ 
iiiainires sliould he used. Wlie.n; farmyard manure 
is a})})]ied, it sliould lie to tlie preceding cro]); and 
this is advisable for more reasons than one. 


/iirporlance of uniform Maunriny of Farley, 

The use to which barley is jmt — vi/., for malt- 
ing purposes — renders tlic uniformity of its coni])osi- 
deii a ]joint of great importance. Since its ([uality 
very largely iidluenced by its treatment with 
iiiaiiurcs, special care has to he exercised in their 
a|i])lication. Grown as it generally is after roots, 
h-‘tl oir with sheet), its (piality, it is alleged, is apt 
suffer from the unequal distribution of the nian- 
a])plied in this way. It has consequently hecn 
J’ccoinnicnded, in order to avoid this inequality, 
ivithcr to grow a wheat crop immediately preceding 
file barley. 

Norfolk FxiK.rimcnts on Barky. 

^Ir Cooke, in summing up the results of the in- 
fei'osting Norfolk experiments on barley, points out 
f^nit in these experiments barley always was benefited 
'‘y idtrogenous manures, sometimes l)y supert)hosphate 

2 I 
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of lime, and more rarely by potash ; that of 
ous manures those of (jiiickest action exerted the liesl 
inlluence. On an average it was found that 1 ewl, 
nitrate of soda per acre gave an increase of 8 husliels 
of harl(;y, and 2 cwt. gave 14 bushels ; while 2 ‘ '^vh 
sulphate of ammonia (i.r., the amount containing llu' 
same (piantity of nitrogen as 1 cwt. nitrate of soila) 
gave only .5^- bushels of an inci'ease, and 11 cwt. ( = - 
cwt. nitrate of soda) g.'ive 10 bushels. 

Mr Cooke recommends the following manures fur 
the barley cro]). hrom -j to 1 cwt. of nitrate of 
soda, according to prcndoiis treatment of soil ; fi'oiii 
1 to 2 cwt. su])er ; and where it is required, from 
h to 1 cwt. muriate of potash. 

Pwportion of (Jmin to Straw. 

Professor Hellriegel, tlie distinguished Oerman in- 
vestigator, has carried out most elaborate experinieiits 
on a small scale, with a view to investigating the 
habits of the l)arley plant. In the most perfeell)’ 
developed of these plants, grown under the most 
favourable conditions, be found that the grain ami 
straw were about equal in weight. Such a propor- 
tion of grain is, however, never realised in practice, 
the proportion of 2 of grain to 3 of straw being 
probably the common one. 
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AVtieat. 

Wlieiit occii])ics tlic lirst position anioip^st corcals, 
ill respect of extent of cultivation, in England. As 
a iad(‘ it is sown in antnnin, altliongli it is also sown 
ill spi’ing. It is generally taken after rotation grasses 
or a leguminons crop, such as peas or hiaiiis, or after 
potatoes or roots. 

Enlika' barley, it does h(‘st on a clay soil, or at 
any rate on a linn soil, and requires a moist seed- 
lieil. Erorn the fact that wheat is ofkm sown after 
Midi a crop as potatoes or a root cro]) to which a 
lilieral application of manure lias hiam given, it is 
not so necessary to manure it except with a top- 
dressing of iiitrate of soda. In short, it is usually 
eonsiilercd highly desirabh'. to get land into “good 
deart ” before wheat, so tliat the wheat may obtain 
its nourishment from tlui rc'sidue of tin*, pixivious crop 
laid tlio farmyard manure previously ajiplied. 

Although, therefore, as a rule, the only manure 
h will he found necessary to add to wheat is a 
nitrogenous manure, such as nitrate of soda or sul- 
pluitii of ammonia, still there are circumstances in 
^vliicli it will be well to supplement these by phos- 
idnitic or even potassic manures. On a light soil 
it may he advisable to add suiicrphosphate of lime, 
“nano, or bone-meal, in quantities of 2 to 2 cwt. 
pni acre, in addition to a nitrogenous manure. 
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It*ofJu( iiis/rd Kqjfrivtrnfs on IVhcat. 

Of oxporiiiiGiits (‘jiiTiL'd out on the growtli of wIkmI, 
those whieh linve now been in ])rogre8S for ovei’ luiH 
;i. (■entiny at liofhiiiiistiul are the niost valuable ninl 
famous. In tliese ex[)erinicnts tlic comparative value 
of nitrogen and mineral manures on this cro]) was 
strikiiigly exem])lilied. The former gave a iiiosi 
marked increase in the crop, wliile with tlu! laUei 
little or no increase was obtained. A combiiialieu 
of nitrogenous and mineral maniux-Sj on the otlier 
hand, gave the most slriking resuKs. An cxplanalieii 
of these results may be aribrded by the fact tliat in 
ordinary fainiijig an excess of mineral matter, as ceiii- 
pared with nitrates, is returned to the soil in tlio (‘n»|) 
rc'.sidues and in the straw of the farmyard manure. 

Of nitrogenous manures, nitrate of soda, on tlu; 
wliole, showed better results than sulpluite of aiii- 
monia. 

Continuous Growth of Wheat, 

The possibility of growing fair crops of wheat year 
after year for fifty years on the same land, and that 
without any manure whatever, is among the must 
striking of tlic results of these famous Eothamsteti 
wheat experiments. 

Flitcha m Experiments, 

In conclusion, we may refer to Mr Cooke’s Tlitcham 
experiments. These were carried out for the purpusc 
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(.[ aseevtainiii.ijf tlio most fiuitablc inaiiuiv for tlie 
wliral crop under difiercait conditions. 

It will be snliicient licre to ij;ivc tbc reconinicnda- 
lidiis made l)y ]\lr (dook(‘ as tlie practical outcome of 
tli(‘sc experiments. 

lie recommends tlie application of 10 tons of farm- 
yanl immure on light or mixed soils, afti'r rotation 
seeds, ploiiglied in in the aulunin, with from } to 
1 cwl. of nitrate of soda, sown in tlie s])ring. In 
I'crtaiu eases farmyard manure will lie suHicieiit witli- 
oiit the nitrate of soda. AVhen farmyar<l manure is 
not available, the most ell'ective and economical sub- 
stitute is 4 cwt. per acr(' of rape-cakay ploughed in in 
the autumn, or 1 cwt. of sulphate of ammonia, sown in 
till' spring, with, in either case, L cwt. of nitrate of 
^oilii as a spring top-dressing. In addition to the 
nhove, on land in doubtful agricultural (‘caidition, or 
'‘-xec])tioiially deficient in one or otlnu’ of these in- 
‘-ii'cilients, Mr Cooke recommends the addition of 2 
'■wt. superphosphate, or 1 cwt. muriate of potash, or 
''"til of these manures, ploiiglied or harrowed in in 
''nitumn. 

Oats. 

Idke barley, oats are generally sown in spring, 
like liarley, may he described as a shallow- 
r""ted crop. They rcrpiire, therefore, manures which 
readily available, and their demands on the 
diflerent fertilising ingredients are very similar . to 
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barley. The. iiianurcs which will pay best, coiisc- 
cpiently, for oats, are nitrate of soda, used as a toji- 
dressing, and superphosphate of lime, applied aloia; 
with the seed. Probably upon no other croj) is niliate 
of soda so safe and so cUective as upon oats. In 
some respects, however, oats diher strikingly from 
barley. 

A very hardy Crop, 

Tn the iirst place, oats are a miicli hardier croi' 
than barh'y or wheat. They can grow on a wonder- 
fully widi‘. range of soil, and under comparatively 
adverse circumstances, both of climate and situiitioii. 
They are better suited for a damp climate such as our 
own than a wniian climale. They may liC descril)(nl as 
of all crops the least fastidious, a, ml will llourisli on 
sandy, peaty, or clayey soils. While this is so, limy 
show a pndVu’ence for soils rich in decayed \'egetable 
matter. Tt is for this reason that they flourish so 
well on soils freshly broken up from pastime and are 
often (.he first crop to be grown on such soils. 

Require mixed Nitrogenous Manuring. 

Stocckhardt has found, in experiments on the inanui - 
ing of the oat crop, that they greedily absorb nitrogen 
during nearly tlie whole period of their growth, and 
that, conse(piently, it is desirable to manure them with 
a mixed nitrogenous manure which shall contain nitro- 
gen, both in a readily available form to supply (he 
plant during the early stages of its growth, and in a 
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loss uN'iiilable form for tlic lat('r stages of growth. Ht^ 
was of the opinion that in tliis way a continnons and 
satisfactory growth of tlie crop would he promoted. 

y I re n lU's PJxpcTi tn en (s. 

The oat-plant has heen made, the suitject of many 
(dal)ora.t(‘ investigations. Of thcs(‘, tlu»se carried out 
liy Arendt arc the most elahorah; and host known. 

In tliese experimoiits tlic eompositioii of the oat-plant 
at difhu’ent stages of growtli was investigated. It was 
found that tlie oat-plant increased during tli(‘ whole 
period of its life, and that two-tliirds of tluj nitro- 
gen al)Sorhcd was ahsoiTxa.l during the later period of 
growth. It has since heen sliown, how(iver, that the 
a])Sorption of nitrogen is very mucli inlluenced liy 
eii'cunistanccs. Indeed its com])Osition is ])eenliarly 
siiseeptihlc to the influence of manures, and especially 
file influence of weather. Thus Arendt found that 
the as.similation of nitrogen is checked hy cold wet 
weather ; while, on the other hand, it is promoted hy 
warm dry weather. The grain of oats grown in warm 
seasons is better developed, and in composition more 
nutritious (i.e., contains more nitrogen), tlian tliat of 
<3ats grown in wet seasons, while the reverse is the case 
with the straw. 

^'uivenme” 

A point of considerable interest in connection with 
the composition of oats is the fact that it contains a 
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body wliich exerts a strikingly stiinulatiiig effect on 
the nervous system of the iiniimil, and to wliicli t]i(‘ 
name “ avimiiie ” has b(*cii given. 

(Jiian filirs of Manurr,^. 

The (|uantities of manures which may be applied to 
ilic oat crop are similar in amount to tbosii whieli 
ouglit to be a])plied to barh'y — from ^ to 1 cwt. el 
nitrate of soda, and from 2 to o cwt. sn]>erp]K)Spl)ali‘ 
of lime. Very often, Ijowevcr, tlie oat crop receives 
directly little or no manure. In the Highland and 
Agricultural Society of Scotland’s experiments, sul- 
phate of ammonia was found to be of very much less 
value than nitrate of soda as a manure for oals. 
Potash manures, especially muriate of potash, liad 
a very benehebil eliect. I’he gemu'al conclusions 
drawn from these experiments were, that the treat- 
ment of the land should be such as to accumulate 
organic matter in it, to prevent too great a loss of 
moisture, and to provide the young plant with man- 
ures that come speedily into operation. 


GKASS. 

The manuring of grass is a (piestion of very great 
interest and importance, but is, at the same time, 
beset with peculiar difficulties. Grass is grown under 
two conditions— first, that grown on soils exclusively 
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set apart for its continuous growth (jx'rinancnt ])as- 
liire); and secondly, that grown for tlio pnr[)Osc of 
lieiiig converted into hay and f)f providing pastiiri' in 
the. ordinary rotation of cro])s (rotation seeds). The 
niaiiuring of the former is somewhat diilerent from 
the manuring of the latter. 

Klfcct of ov, Ifcrltauc of l^oslorrs. 

The nature of the herbage growing on pasture is 
veiy much iullmmced l)y the nninuri* ap])lied. This, 
indeed, is one of tlu' most noteworthy features eon- 
iiL'cted with the manuring of grass, and has been 
especially observed in the Ilolhamsted ex])eriments, 
wliere the inllueiice of the diirercnt manures on the 
various kinds of herbage has been investigateil with 
.i^u'at care. The herbage constituting ])asture is, as 
every farmer knows, of a varied description. AVe have 
in pastures a mixture of t)lants Ixdonging both to 
the gramineous and leguminous classes, as well as a 
variety of weeds. Now tlic result of the a})t)licatioii 
ef different manures tends respectively to foster the 
dirterent kinds of grasses. Thus when one kind of 
manure is applied, grasses of one kind tend to pre- 
vloiiiinate and crowd out grasses of another. It has 
found that the more hvjhly pasfnre^and is man- 
the simpler is the nature of its herhaye (that is, 
bie fewer are the different kinds of herbage growing 
•ni it). Unmanured pasture, on the other hand, is 
'awe complex in its herbage. The result is, that the 
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application of inannrc to pasture - land is attoiidod 
with certain dani^ers. To maintain good pasture^ ii 
is desirable to oflect a proper balance between llu' 
different kinds of grasses. For this reason pcrniaiiciit 
pasture may he said to be, of all crops, the least 
cornmoidy manured. As a rule it is only inaiuin‘d 
l)y the droppings of the cattle and sheep feeding 
upon it. 

Injluair.e of Farmifard Mamtre. 

It is found that tlie iidluence of farmyard manure 
upon the composition of the pasture docs not tend, to 
the same extent, to tlie undue development of one 
type of licrbage over anotlicr ; and in this respect it 
is ])robably to be ])rcfcrrcd to artificial manures. 

Tli(‘ same reas(uis, however, do not liold witli re- 
gal'd to rotation schmIs, wlicre an abundant growtli 
is desired, and complexity of herbage is not so 
important. A fiirtber reason which exists for the 
manuring of meadow-land is tlie greater impoverisli- 
ment of the .soil taking place under such conditions. 
As illustrating the influence of different manures on 
different kinds of herbage, it may be mentioned that 
in New England wood-ashes, a manure commonly used 
there, have been observed, when applied to pasture, 
to bring in white clover, and that the application of 
gypsum had the same effect. An explanation of this 
fact may he found in the influence of potash on legu- 
minous crops. The chief value of wood-ashes as a 
manure is due to the large percentage of potash they 



GKASS. 


507 


contiiin, while the vulue of gypsum is ])roha])ly to 
1)0 accoiiutcd for by the fact that it hn,s an indirect 
aclioii, and sets free ])otasli from its ineit componnds 
ill the soil. In the Uotliamsted ex])(‘rim('nts this 
])cint has been verified, and potash has lieen shown 
to increase the proportion of leguminous plants on 
a grass -field. Nitrogenous manures, on the othei’ 
hand, more especially snlphati* of ammonia, have been 
found to increase the proportion of grasses |U'o])er, 
and to diminish the proportion of leguminous plants. 
The cfleet of farmyard manure, while less marked in 
inducing simplicity of herbage, has a similar etrect to 
sulphate of ammonia ; whih‘ ])hosphates and other 
mineral manures exercise an inllnence similar to that 
of potash. Mixtures of mineral and nitrogmions man- 
ures gave the largassL returns obtained, hut tlieir inlln- 
(‘iicc was to increase the proportion of grasses projier. 
Sewage irrigation also tends chiefly to develo]) gi-asses. 


Influence of ySoil and Season on Pastures. 

Manures arc not the only factors inlluencing the 
gnality of pastures. The nature of. the soil, as well as 
the age of the pasture and the character of the sea- 
son, exert a very considerable influence. Grass grow- 
^•hg on damp or badly drained soil is invariably of 
poor quality, the coar.ser grasses predominating. Old 
pastures, again, are generally of better quality than 
new ones. 
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Manukinc of ^[eadow-Land. 

Nitrate of soda is a ('oiiniion manure for glass 
grown for Imy. It is oftcai a})j>li(‘(l at tlio I'ati' of '2 
or o ewt. pel- ncre. It is licst, however, to apply il 
ill smaller doses. On soils where lime is almndaiit, 
superphosphate may he. apiilied, if necessary, at tlif 
rate of 2 or o (‘wt. per acre, or liones at a siniilai 
rat(‘. Ilasic slag has hi'en found to meet with good 
results as a manure for gra,ss-land, es])ecially wheiv 
the soil is rich in organic matter. 

JkdKjiry E.rpevi uicnU. 

i\Ir Gilchrist of University Collegi', IJangor, as a 
result of numerous experiments carried out in dillenuit 
parts of Wales, recommends for rye-grass and clover 
hay on land in good condition 1 cwt. of nitrate of 
soda or sulphate of ammonia per acre, the forniei 
heing applied about the middle of April, the latt(‘r 
during March, For land in jioor condition, the addi- 
tion of 2 cwt. of sujierphospliate is recommended— 
this to be applied some time between Decemher ami 
M.arch. Farmyard manure may be usidully applied 
to young grass and clover seeds in the autumn, more 
especially on light soils. For meadow-land which is 
growing hay every year, Mr Gilchrist further recom- 
mends the following 4-course rotation of manuring:— 

First year, 15 tons farmyard manure, applied in ihi' 
autumn. 
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Second year, 1 cwt. iiitraie of sodji. 

Third year, 4 cwt. l)asic slai;' or S) cwt. siiper- 
plinspliato and 1 (;wt. intratc of soda. 

Foiii'tli year, 1 cwt. nitradc of soda. 

A ArJ'ol / “ Expert mciih. 

iMr Oooke, from Ids Norfolk c.\])eriincnts, rcH'oni- 
iiiciids tlic following niannres for rotation seeds: 

One to U cwt. nitrate of soda, as a top-dressing 
ill early spring. Where the clover plant is a good 
"lie, and it is ])articnlarly d('sir(‘d to cultivate it, lie 
leeumniends as a. dressing 1 cwt. of ninriate of })otash 
per acre, to lie ap|)lied iminediately aftm- the (dov(‘r is 
•'""Wii. The jiraetice of di'essing growing seeds in 
dieir first winter has, so far as the experiments in 
ki'ifolk go, less to recommend it than the earlier 
'Ircssiiig. 


^lANUiiix\(i OF Permanent Pastfkes. 

In this case the manure should 1h‘ apjdied so as 
'let to impair the quality of the herbage. Slow-acting 
'manures are consequently best, such as basic slag or 
'*eiies, which have been found to he of special value, 
hhi wet or marshy land after draining, lime is per- 
liaps one of the best manures to apply in the first in- 
■'^tinice. As we have already said, farmyard manure will 
'le more to maintain the quality of pasture tlmn any 
^ind of artificial manure. Mr Cooke is of opinion 
110 system of manuring yet discovered will both 
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tliickciii and inijn'ovn tlu; herbage at all equally in 
siicec'ss to tli(‘. eareful and regular feeding upon llic 
grass of eatlhi or slu'e]), the, a,niinals having a good 
allowaiKHi of deeortiealed eotton - eake, or even of 
linsecd-eake. 


ROOTS. 

Of all crops roots may he saiil to require the iiio>t 
liberal a])plicatioii of manure, and to respond uk'sI 
freely to it. They contain large ijuantities of the fer- 
tilising ingredients — nitrogen/ phos])hates, and potash 
—and may be regarded as exceedingly exhaustive crops. 
This is especially the case with regard to mangels, 
which make particularly large dmnands on a soil's 
f e rti Using in gres I i e n Is. 

Turni])S are characterised by the large amount of 
sulphur they contain ; and, according to some, this 
explains the beneficial elFect which gypsum has when 
applied to them as a manure. This, however, is more 
probably to be explained by the indirect action of 
gypsum in setting free the potash of the soil. The 
fact that thc^ successful cultivation of root crops do- 
pends on the apjdication of large quantities of manure, 
is recognised in practice, as they receive the most 
manure of any ci-op of the rotation. Roots flourish 
best on a light soil which is neither too wet nor too 
dry ; but with liberal manuring and careful tilluge, 
they may be said to do well on any soil. Mangehs 
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ail! ^^eiierally more benefited by the apjilicalioii of 
iiitro^innus mnniires tfiaii are turnips or swedes, 
wliieli, it would seem, luive a greater power of alisorb- 
iiig nitrogen from tiie soil tban the lirst-nani(!d crop ; 
])iit it is a mistake to su]>])ose that any of the root 
cii))S are not dependent on a ready su])})ly of niti’o- 
g(;ii ; and the fact tliat large cro]»s of turnips can 
efieii be grown by tlie ap])lication of super])liospliate 
al(»iie, may be taken as a, proof that the soil contains 
lilenty of nitrogen. Mangels are, from tlieir decider 
mots, more capable of drawing their suj)])Iy of ])hos- 
I'lioi'ic acid from the soil than turni)>s. They res])ond, 
llieriifure, as a rule, less freely than turnips or swedi's to 
■111 api)lication of su|)er])hosphat(!. (Jenerally s])eaking, 
We may say that the characteristic. m;inur(! for turnips 
IS superphosphate, and that for mangels is a nitrogenous 
laanure such as nitrate (d soda or sulphati! of ammonia. 

A special reason for manuring root crops is the fact 
tliat they are more liable to disease than oth(!r crops; 
ami this is especially the case in the early stages of 
their growth. One of the great benefits conferred on 
the turnip crop by an application of superphosphate, 
as the help it gives the crop to pass safe^ the critical 
period of its growth. The superphosphate is best 
'Ifilled in with the seed, in quantities varying from 
to 5 cwt. Tn Scotland, it may be well to ])oint out, 
the manure applied to this crop is very much in excess 
the amount customarily applied in England ; for 
the former country larger applications of manure 
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may lie pr()lil,a])ly (imployod. Hoots ,i;'eiicrally ivccivc 
a lar!4(; drossini^^ of farmyard mamire, Salt lias ])C'(.'n 
foujid in sfHtie districts to liavc; a, veny good effect (Hi 
tli(‘ mangel cro]), and potasli is often found to aiii|i!y 
repay apj)lica.tion. 

Iiijluciirc of Maniivc on (-omposdio/}. 

A most interesting' point in connection witli llu' 
manuring of I'oots is tlui effect of manure on tlieir 
c.oni])osition. This luis ]>een most (daboraUdy ijivcsli- 
gated at Kotlianisle<l and clsewlien'. Thus it lias been 
found that tlu‘ (dfect of the aptdieation of cxcessiw 
(piantities of nitrogenous manures is to producci toe 
great a development of leaves at the expense of thv 
roots. 


Adh’of/rooox .d/(C?ccv’s increase Si((/ar in Hoofs. 

Nitrogenous mannr(‘s also tend to increase tla' 
projiortion of sugar and dimiidsli the proportion ef 
nitrogenous matter in roots. This has an importaiit 
lieariug on the treatment of roots which are culli* 
vated for their sugar, such as beets, in the growth of 
which nitrat|^ of soda is th(‘ chief artificial maiiuiv 
a])plicd.^ 

The leaf, it may he pointed out, contains a largci’ 
percentage of dry matter, both in swedes and m 
turnips, than the root. ' 

1 Snuill roots are found to contain a larger proportion of sugai' tloii 
large roots. 
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^iiiioiini of Nil rotjcn, vccuiu rcil hi Jiicirasr (f Crop. 

AViih regaid lo the amount ol‘ nitrogen reeuvcied in 
llie inereas(i(l crop of mangel and roots when maniinnl 
with (liffercnt nitrogenous manures, it was found at 
h'otliamsted, as an averag*e of six yt'ars, that the 
l'(i]lowing pereeid-ages of nilrogim W(‘re r(!eovei-ed : 
Wlien nitrate of soda was ajiplied, (jO per cent of the 
nilrogen it (‘ontidncd was reeovaa'ed in the, ineieased 
<T(i]); wlieii ammonia salts were, applied, ])(n’ e(mt; 
wlien rape-cake was used, 50 per cent; and wlnni a 
mixture of rape-cake and ammonia salts was used, 
■Ih jier cent. 

It may be jiointed out that the inlluenc(‘ of season 
mal climate on the composition of root ci'ops is very 
meat — greater, indeed, than on any othei’ crop. Lilmj 
ciits, turnips grow better in Scotland than in Mngiainl, 
bie niuister climate of the former cminliy liciiig more 
•suitable for their maximum develo[)ment, and lunice the 
veononiy of maximum dressings in Scotland. 

Norfolk h'xpcrhn cols. 

In conclusion, a few words may bo said on the 
^iorfolk experiments, carried out under tlie direction 
uf Mr Cooke for the purpose*, of ascertaining the best 
uml most economical manure for mangels and swedes 
'ui diirerent Norfolk soils. In most of these experi- 
'*mnts it was found that superphosphate had not 
^uucli eflect in producing increase of crot) in the case 
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of inaii;j,'cls ; tliat tlic best nitrogenous nianiire was 
nitrate of sodii; and tliat on the whole it was not 
ecoiioniieal to a])])ly fai'inyard manure! at the rate et 
more than 10 tons per acre. It was further i'oiiinl 
tliat, although either potR^sli or common salt gave a 
decided increase in weight of roots, it was not m*ces- 
sary to give both these manures at ouce, either ef 
them being about as eHective as the other. 

J\fr Cooke recommends the following manures as 
best suited for mangels — viz., 2 ewt. nitrate, M cwt. 
common salt, and 2 cwt. supcrphos})hate. I’lieii 
certain soils peculiarly adapted to mangels, and in 
warm localities where largin* cvojis than 25 to MO lens 
per acre are habitually grown, it would probably pay 
to increase or to double the aliove (|uantity of nitrati* 
of soda. Ten tons of farmyard manure may, if pre- 
ferred, he substituted for all oi* a ])art of the nitrate et 
soda, or may even he used in addition to it, iK'cordiiig 
to the resources of the farmer iu respect of it, and tlie 
return he desires to get from the dung in the tirst 
year of aiiplication or in future ones. It is best to 
apply the nitrate of soda in two instalments — half at 
the time of seeding, and half as a top-dressing immedi- 
ately after the first hand-hociiig of the roots. A third 
dressing may often he given with advantage a month 
later. 

MaiiurG for ^Sivcdcs. 

As a complete and economical dressing for swedes 
in Norfolk, Mr Cooke reconunends 3 to 4 cwt. super- 
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jiliospliate, 1 cwt. sulj>li;xte of aiiniioniip and I t-wl. of 
iiiurialu of potash. Occasionally it may he found ad- 
visid)le to reduce the (piantity of sulphate of ammonia, 
or to leave it out altogether ; and in other eases the. 
potash may be judiciously omitted. The entire', mix- 
tiU'e should he sown at the time of drilling the turnip)s. 
If farmyard manure is used — and if used it slioidd he 
;i])plied in a well-decomposed state — no other manure 
than 3 cwt. of superphosphate will lx; re([uired. 

JIi(fldan<l Kqicnnirnlx. 

\ aluablc experiments have Inieii carried out (Ui tlie 
subject of manuring of turnips by Dr A. T. Aitkeii, 
for the Highland and Agrieullural Society of Scotland. 
The following are some of the results to be gathered 
fruiu these experiments. The ettect of a <lissolved 
phosphate as compared with a ground pliospliate is to 
produce a turnip of less feeding value. Su[)er])h(.)s- 
phate had a better eliect when ai)plied in A})!'!! than 
when applied with the seed in June. It was further 
found that when the nitrogenous manure was given 
entirely in the form of nitrate of soda or sulj)hate of 
aiiiuionia, the latter produced a denser and sounder 
bumip. Lastly, with regard to the application of 
potash, it was found that the best way was to apply it 
‘Several months before sowing. The eliect of potash 
luaiiures is to increase the amount of turnips, but to 
fetard the ripening of the bulbs. The eliect of exces- 
dve potash manuring is to greatly injure the crop. 



MANUlilNG OK TIIK COMMON KAKM CROPS. 


Maniinnif for rlcli Crops of Turnips. 

Ill Dr Aitkeiis own words: “In order to grow ;i 
large nnd ;it the siiine time ii lieidtliy nnd iiutrilioiis 
eroj) of tiirnijis, sneli ;i system of iniiiiuring or treal- 
iiieiit of the soil, by feeding or otherwise, sliould lie 
])riietised as will result in the general eiirieliing and 
raising of the eundition of tlie laml, so that the cru]i 
may grow naturally and griidually to maturity. For 
that ])urpose a larger a]»])lieation of slowly acting 
m.anurijs, of winch lioiie-meal may be takim as the 
tytte, is much better suit(‘d than smaller applications 
of the more (juiekly acting kind. A certain amount 
of ([uickly acting manure is very l)en(dieial to the 
crop, es))(ieially in its youth ; but the great bulk of 
the noiirisliment which the crop requires should lie ot 
the slowly rotting or dissolving kind, as unifornil}’ 
distributed throiigli the soil as possilde.” 

Kcpcri/iicnts bp the. ^latJior. 

Experiments by the author on turnip -manuring, 
carried out in dillerent [larts of the South and West 
of Scotland, showed that while farmyard manure is 
valuable in giving the crop a good start and bring' 
ing it well forward during the period of germination 
and early growth, by supplying a certain amount 
of easily assimilable plant-food, and in the case of 
dry weather attracting a quantity of moisture, its 
application in quantities of 20 or even 10 tons pci’ 
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can .scarcely l)e regarded as ])rontalilc, giving 1(» 
farmyard manure a nominal value of a f(nv sliillings 
a ton. Tn tliese experiments slag ])roved itself a most 
valuabhi niaiinre, indeed oiu; of tin; most (M'ononiical 
of all tlie manures expeiimeided witli. They fur- 
ther showed that heavy drc.ssings with siiper])hos- 
]thate, amounting to as nnich as 8 cwt. pel' acre, ar(', 
from an (‘conomh'al jioint of view, as a ruh* justi- 
tiahl(! in Scotland; and that nitrah', of soda and sul 
})liate of ammonia ])os,S(\ss practically eapial value as 
a manure for turnips. In almost (‘.very one of ilu* 
exi'erimeiits tlie heiu'tit of sup{)lem(mting super])hos- 
pliate with nitrogemaus manure was shown. Potash 
wa.s also found in many eases to he a thoroughly 
paying manure for th(‘ turnip crop, when it was 
ap]di(‘d along with nitrogen and ])liospIiates ; Imt when 
ap])lied alone, far fnaiii exci'cisiug any ap])reciahle 
heiiefit, it seemed to exert an injurious action. 


Potatoes. 

I’otatoes are often classed along witli the root crojis, 
aiid in their manurial requirements they offer many 
points of similarity. Next to root crops, they nmy 
^^0 said to make the most exhaustive demands on the 
^oil, and therefore recpiire a lilieral general manuring, 
point of importance in the manuring of potatoes is 
.^ood tilth ill the soil, so as to enable a free expansion 
of the tubers to take place. They may be said to 
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^row l)est oil dcop warm soils ; but, like roots, if lili- 
orally manured, tliey may be successfully grown on 
any kind of soil. Fo,rniyard manure lias long Ir'ch 
ri'gardcd as spccia.lly valuable for the potato crop. In 
many parts of Scotland it is applied in enormous qiuiii- 
tities, ranging from 20 to even 40 tons per acre. Tlnn’c 
(‘an lie little doulit tliat the value of faianyard manuiv, 
as well as other bulky manures, for the potato crtqt, is 
])artly (tue to their mechanical influence on the soil, 
Potatoes arc surface-feeders, and rcipiire their food in 
a readily available condition. It is found desirahk*, 
tlunxiforc, to supplement farmyard manure by readily 
available artificial manures. Potatoes repay the appli- 
cation of a mixed manuni containing all the fertilis- 
ing ingredients— nitrogen, [diosphoric acid, and potash 
— better than most crops. 

Jfighhind Sodetf/s Kqnrimenis on Potatoes. 

The nitrogen is, according to the Highland Socii'ty’s 
experiments, best applied in the form of nitrate of 
sod, a. Sulphate of ammonia does not seem, when 
farmyard manure is also applied, to liave an equally 
valuable effect, as it inilucnccs the size of the tuber, 
producing an undue proportion of small potatoes. 
When no farmyard manure is applied, however, 
sulphate of ammonia seems to have a good effect, 
e.spccially in wet seasons. 

With regard to the nature of the phosphatic niau- 
ure to be applied, siiperpliosphate is to be preferred. 
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I’otatoos innke lnr£;o demands on potash, and con- 
sa([ii('nlly rcrpiirc potassic manures. Tn conscqiicnre 
(if tlie fact tliat th(‘,y receivci lar<;’c a])])]icalions of 
fai'iiiyard manure, tlie necessity for adding ])otasli in 
llie form of artilieial manures does not generally 
(‘xist. Potash, if applied in too large ([uaiitities, has 
hrn found to ('xert a deleterious ellect. Wo hav(^ 
already pointed out that muriate; of ])otash tends to 
laoduce a waxy potato. 

TIlc lioiha'iadoil Experi nirvln v'llli Potah)t'H. 

The Pothamsted experimenters have very fully 
investigated the conditions of the manurial require- 
ments of potatoes. I n these experiments potatoes were 
grown year after year in the; s:ime field. It was found 
that the effect of mineral manures alone was greater 
than the effect of nitrogenous manures alone, and that 
"f mineral manures phosphates, as a rule, had a liidtcr 
effect than potash ; that under the action of the growth 
of potatoes a greater exhaustion <»f phosphates than 
of potash takes place in the soil ; and lastly, that it 
is essential to have an abundant supply of the differ- 
ent fertilising ingredients in order to grow success- 
ful crops. In the Pothamsted experiments, the slow 
action of farmyard manure in supplying fertilising 
ingredients to the potatoes is strikingly demonstrated, 
'fhus, although farmyard manure was applied at such 
a rate that more than 200 lb. of nitrogen were added 
fo the soil, the result was inferior to that obtained 
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from the appliciitioii of (SO lb. of nitrogen a])plie(] in 
tlic form of rciulily available artificial mannro. 

of Farm jf((rd Mannrr on Polaiot's. 

It may be 8ai(l,in this respect, tiiat tlic })olato is less 
able to utilise the fertilising ingredients of farmyiiid 
manure than any oilier of the farm crojis. Yel. 
<l('spi(,e this faei, farmyard mannn! has beem found 
to be one of the best manures to a])])l}^ The recoii- 
ciliiition of these siieniingly contradictory statc'meiils 
dep(mds on Ibe inllneiu'c exerted by the farmyaid 
inanure on tlie mechanical condition of tlie soil, ren- 
dering it more porous and easily permeable to tlie 
surface-roots, ujioii the <h‘velo])ment of winch the 
success of Uh' cro]) so much depends. The beneliidal 
ef)'ect of farmyai’d manure is also doulitless diu' 1" 
the iiKii’cased temjierature wliich large a])t)lications of 
it produce in a soil. 

Sir J, Henry Gilbert, in his well-known Ciren- 
cester Lecture on the Crowth of Totatocs, cites sev- 
eral examples of tlie manurial treatment of potatoes 
in difrerent parts of the country. In Forfarshire, 
farmyard manure or stable manure is largely cni- 
ployed (at the rate of 12 to 14 tons, and in some 
cases even 20 tons per acre), and it is also largely 
supplemented by artificial manures. These latter are 
applied to the extent of about 10 cwt., and consist 
of superphos])hate, dissolved bones, and potash salts. 
Six tons of potatoes are considered a fair crop, la 
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Kiisl Lotliinn the Diniinriii*; is similar, witli the cx- 
ccptioii tliat farmyani mainire is a])i)li('(l in ev('ii 
laiycr quantities — .‘lO to 40 tons ])eino' oft('n ns(Ml. 
Sometimes ])olatoes are prown willi artificial manures 
alone. It would seem that the usual erop of ])otatoes 
ran^! 4 cs from 4 to 8 tons per acnx 

Manvviivf of Potofors in ,/('7'snf, 

Tlie manuring of the ])otato crop, so larp(‘ly prown 
ill Jersey in the (Jiannel Islands, is of iiilmasst. 
l‘i)l aloes .aix'. tliere prown two or ihiaH' years, llum 
' 'iru, then prass for a few years, tlnm ])otatoes apain, 
110 special rotation of cro])S heinp follow(!(l. Kilher 
ianiiyard manure or S('a-W(!e(l is ap])lied at the rate 
ol 25 to 30 tons per acre, sup[)lem('nt(Ml hy 8 to 12 
^ovt. of artificial manures. 

f'liese statements show how prevalent the pi'acti(‘.(i 
'J hi'avily manliriiip the ])otato crop is. 

The. Injlmmcc of Moimre on (he Convjxmtion of 
the Fotato. 

f lie influence of manure on tlic composition of tin* 
potato crop is of much interest. Totatocs prown 
'vithout manure, just as in the case of roots, are 
found to have a larger percentage of idtrogen than 
I'Otatoes grown with manure. The elhad f)f manur- 
’^'3, therefore, is to increase the ]>roportion of starch, 
'diich is the most important constituent of the potato, 
^^liiieral manures have a greater etlect in increasing 
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tlic pcrcciitn.i((; of starch tliaii purely nitroncnoiis 
manures; but wlieii used together, a still greater in- 
crease is obtained tliau when used singly. The. (‘Heel 
of nitrogenous manures on the composition of r<)(4s 
and potatoes is thus seen to be similar. In the ('asi* 
of both crops the (Tlect is to increase the propoi tioii 
of the characteristic carbohydrate constituent, wliidi 
in roots is sugar, and in potatoes starcT, rotatoes, 
like roots, are also much influenced by the season. The 
ellect of season and manuring on the potato diseasi' is 
worthy of notice. Wet seasons are favouralde to tli(‘ 
development of the disease'. It lias been found lliat 
in a bighly nitrogenous manured crop the proportion of 
diseased tubers is greater tban in a non-nianured eroi). 


LKdUM INDUS (JItOrS. 

We have already referred to tbe manuring of 
crops of the leguminous class in discussing tlio 
manuring of meadows and permanent pasture, b 
was there pointed out that the tendency of certain 
manures was to encourage the growth of the legR- 
minous plants of the herbage, while other, niaium a 
had the effect of encouraging those of the gramine- 
ous class. It was pointed out that a manure wbieh 
had this effect was potash, or any manure wbieh 
owed its characteristic action to the fact that it 
supplied potash to the soil or set it free in the soil. 
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TAUjvmm^ riania hair/lt hj Poldslf. 

This is oiui of the most important ])oints to notioe 
in iiiamirin<f loj^uminons plants, .hist as wo can 
say tliat nitrogenous manures are spo.oially liono- 
iicial to cereals, ami phospliatic manures to i-oots, so 
jHitasli is tlie special manure for leguminous cro])s. 

XitrogcnouH Manures may ((dually he hiirlfiil. 

I hit W(i have, further, an (‘V(ui more striking 
'haractiu'istic of leguminous crops to notice. We 
have seen that, with regard to tlie crops already 
•liseussed, while tlicre are cases in wliich a fertilis- 
iag ingredient may he of no value, or may ])osi- 
lively exert a hurtful action on tlie crops, such cases 
iHc only exceptional With regard to leguminous 
^■vops, however, we find that almost invariably they 
'lorive little or no benefit from the use of artificial 
iiilrogenous manures. And this is all the more 
f^triking since they contain large quantities of nitro- 
in their composition — twice as much as tha 
cereals. The fact, which has long been noticed with 
legurd to certain members of this class of plants, 
■‘5'icli as clover, that not only do they contain a large 
J^Jnount of nitrogen, but that by growing them on 
^ soil the soil is largely enriched in this valuable 
fertilising constituent, has long waited for a satis- 
factory explanation, which at last has been forth- 
coming. The discovery that leguminous crops can 
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draw oil tlio liouiidloss store of nitrogen present in 
tile air lias done nineli to elear np tlie mystiav, 
Tliere are, liowever, other iiroblenis witJi regard (u 
tlu! growth of leguniinou.s [ilants whieli still awai: 
solution. 

Olovdr-s'idncsii. 

One of these is the fact that land on whicli n 
leguniinons eroj) like clovi'r has been gi’owing for a 
iiuinber of years becomes unfit to sujiport its growlli 
any longer. Such a soil is termed ‘‘ (dover-si('k 
and many have been the theories put forward tc 
extilain tlu* ]di('nomenon, but none of tlnun can h' 
reganh'd as satisfactory. 

The knowledge that leguminous plants have lln' 
power of deriving tludr nitrogen from the air, fm- 
nishes us with an eeoiiomi(‘al moans of enricliine 
our soils in nitrogen. ]ly growing leguminous ci'ejis 
altm'iiatcly with cereals, for example, the air sheuM 
be made to turnish the necessary nitrogenous inamin'- 
As a matter of fact, modified forms of such a practif^^' 
have long been in use — indeed the ordinary rotatieiF^ 
of crops are, to a certain extent, adaptations of tlii'^ 
practice. 

Alteriiatc Wheat and Ikans Iloicdion, 

An intert'sting experiment carried out at Rotham- 
sted may he lu're cited which illustrates in a strik- 
ing manner the truth of the above statement. Wheat 
and the leguminous crop beans were grown aUvr- 
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ii;iU“ly. It was I'oimd tliat nlinost as iiiiu-li whiuit 
((diiLaiiiing iicai'ly as iiiiudi iiitrojycii) was yiddi-d in 
iML^lit a Tops uf wheat so i^rowii as w;is yielded hy 
sixteen crops of wlie:d; .i^rowii eonseeiili vely in an 
adjoining held. 

The most connnonly enltivated legnniinons eiaips 
an; elover, heans, and [)ea.s. Clover Iiaving Iteen 
already discussed, we Jieed oidy say a. w<U'd or two 
oil tlie manuring of l)eaiis and ])eas. 


JlKANS. 

ICans do best on strong land, and, nidihe some, 
"f the crops considered, do not reipiire a particu- 
I'nly line tilth. They aiai gmierally grown after 
'•'ueals, and as a rule are sown in spring. More, 
■inely, however, they are sown in autumn. S])iing- 
^<nvn heans tal<e a, bout seven months to eajine to 
iiuitiirity. They are much alfeeted, like, other crops, 
k'lt to a greater extent, hy the nature of the season~a 
'Vet season inducing an undue development of stixaw. 

MaiiU'ir f 'jv //.s\ 

111 common practice the manure u.sed for the bean 
vi')]) is farmyard manure, applied to the soil in autumn 
'iher the harvest of the wheat, l)arl(!y, or other cereal 
eixip grown. So common is this practice, that the 
^^vdief commonly exists that farmyard manure is 
iieeetisary for a successful bean crop. I hit exjjcri- 
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iiicnts conducted at the ]IiL;hland Society’s Expei-iniciu 
Station at ruinphcrston show tliat 1‘ull crops of bi-aiis 
may bo grow]i with the aid of artificial iiiaiiurcs on 
soils vvliich luive received no application of farniyaid 
man lire for ten years. 

lulalive lvalue of M(tiiiU‘ial [ii/jirdicn/s. 

In the A])pendix ^ will he found a table giviii'^ 
results of manurial experiments with tlie nitrogenous, 
phospbatic, and potash manures on beans, carried oui 
by J)r A, I*. Aitken at the Highland Society’s Ex])eri- 
ment Station. .From these ex])eriments it will be seen 
that tlic application of jdiosphatcs and nitrogenous man- 
ures, either aloiiii or together, exerted a comparatively 
small effect in increasing the yield of beans comjiarid 
with tliat obtained with potash, eitlier alone or eoin- 
bined with phosphates. As Dr Aitken says, “Wiili- 
otit potash in the manure, the other two ingredients 
are of very little use, unless, indeed, the laud be very 
rich in potasli.” 

Gypsum. 

(lypsum has a good elfect on the bean crop, both 
on account of the lime it contains, and of its indirect 
action in setting free potash. 

Superpliospliate is a much better manure than 
insoluble phosphates, and similarly, in the few easc'^ 
where nitrogenous manures are beneficial, the speediest 
acting are best. Hence nitrate of soda is to be I’le* 
^ See Note I., p. 530. 



Iciicd to otlicr nitrogenous manures. \Vlien it is 
agjilied, it should be a]»])lied in small ({uantilies. A 
.•li)w-aetiiig nitrogenous manure is positively iiijuri- 
ims; so also, according to Dr Aitkam, is nitrate of sod;i, 
:ipl»licd as a to])-dressing to tlie crop. 

Of ])otasli manures, llu! muriate seems to be more 
sticctive than the suljdiate. 

J'Jjfai of ]\I(( a lU'c on ( 'umjioslllon of Crojo 

Lastly, we may ndei' to tlic (‘Itect of mauiii'es on 
the composition of the croj). This is, on the whole, 
Very sliglit, es])ecially when com])aiU(l with tlie ertect 
manures exert on the coinjxtsition of sucli crot)S as 
tuiidps or potatoes. It is the (piantity and not tlie 
duality of the crop which the manure aftects in tln^ 
'■Use of beans. 


• Pkas. 

I’eas are not grown to anything like the same 
'^vlent as beans. As a rule, when they are cultivated 
d is along with beans, when they are necessarily 
uianiired in a similar manner. If grown alone, how- 
^“^vi', it may be well to point out that peas do best, 
^'ulike beans, on light, friable, chalky loam. When 
hU'own in clay they tend to develop an undue amount 
-straw. The ellect of season on the crop is similar 
fhat exerted on the bean crop. In conclusion, it 
be pointed out that it is alleged that the ellect of 
^uriiiyard manure on peas is to force the straw. 
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Ill cniicliidiii!^- chapter a word or two luiiy t)r 
said oil the iiiaiiiiriiiL;- of two other crops wiiicli ;iiv 
eidtiviited to a considerable extent in tliis eounli} - 
vi:^., Jio})S and eahhac^'es. 


noi>8. 

The I'ccjiiirenients ol‘ the liop (;rop in tlie iiiattcr <>(' 
nainures are rather singular. It has been pointed out 
that in the case of most croti.s (piick-acting niaiiiiics 
are to lie prefern'd to slow-acting mamircs, AVilli 
]io])S, however, tlu; case is very dilTerent; for tlirv 
re([uirc, and cannot he successfully cultivated with- 
out, slow-acting manures. Hops are especially bciu'- 
lited by bulky nitrogenous manures such as shoddy, 
horn-meal, hide-scraps, lioofs, rapii-diist, ; and it 
is only when quick-acting manures arii a])pli(Hl along 
with such slow-acting manure's that they will cxeivis(‘ 
their full intliumce. Tt is b(*st to manure hoj)S twiev 
a-year, — in s[)ring with farmyard manure, supi»Ic- 
menUid liy a slow-a('ting nitrogenous manure, such as 
shoddy; and again in summer with a more ([uickly 
acting manure. The dressings atiplied to liops aiv 
enormous relatively to those used oii other farm 
crops. 

C Aim AGES. 

• 

(ddjbages lielong to that class of crops known as 
gross feeders, to which any sort of manure, applied in 
almost any quantities, does not come amiss, kale 



Iiii-cs grow best on good loams with a well-drained 
[Htrous subsoil, aliliougb they also do well on el:iy soils. 
iJn‘ ({iiaiitil-y of icrtilising ingredients, especially ])o- 
tash, which a large cro)) of cabbage removes from the 
soil is very great. They conserjuently iXMpiire large 
'I'laiitiiies of manure, and are esjiecially l)en('lit(‘d by 
saline manures — siicli as kainit and common salt — 
and libmal doses of nitrati; of soda, wliicli may l)e 
ixgarded as the most efhjctive of maniinis bn- all 
ila* cabbage tribe. J'armyard manuie may b(; a])- 
I'lied with benefit in larger (juantities tlnin it would 
'h! ajiplied to any otlicr cro]». 
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NOTI<] T. (i>. r, 20 ). 

ExI’KIUMENTH UN THl'] Manurin(; of Hfaxs. 

ExpcriiHciil.s with Iti'aiis carviiM] out at tlie lliuhlaiid am 
Agrii-ultui-al SDciO.y’s Expt'i'iiiK'iit Station al riniijiliar 
stun, .sliowin^L;- tlic (‘Ih'ct of ])otas]i: — 


No. of 
plots. 

Kind ol' nianurc. 

Biislids dr 
yiaiii, per 

27. 

No inaimro 

2 

12. 

I’lio.sjdi.ito (hono-o.sli) 

T) '■ 

18. 

Nit rati! 

01 

21. 

PIi<i.si>]ia1o and nitralo . 

T)'*' 

22. 

J'ofdsJt ...... 

! 2t)ii 

17,’ 

/’<)(<isJi and j)]ios)tliato . . . *» 

42^ 

10. 

38. 

J'oldsk^ pliosjdnito, and nitratn 

Polunh, pliosplialo, nitrate, and i;yi>suin 

la', 

.'d 
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CJlAPTEi; XXIV. 

ox THE METHOD OF ArFLK’ATION AXD OX TIIK 
MIXINO OK MANUKKS. 


IfAViXG coiisideml ilic luiiniirin^' of tlio diJlbroiil 
crops, wo may ]iow pass oh to tla; coiisi(](H'atio]i of 
^oiiie iioiiits ill the mcllind of applioation and on llio 

■'lixiiig of nianures. 

A'gnal l)Uf rihnllun of Mduorcs. 

A most important object in applying manuies is 
cllcct equal distribution of the mamiro in tlic soil, 
iliis is often, howevxT, unusually diiliciilt to do, 
‘''■qfecially in the ease of artilieial manures, where 
llio quantity to be spread over a large ariia of the 
'^‘’il is extremely small. The dillieulty in the ease 
farmyard or other very bulky manure is not so 
.^reat. in order to overcome this dillieulty in the 
'■■'ise of artificial manures, it is often advisalilc to mix 
tlieiu with some such substance as sand, ashes, loam, 
peat, or salt. The manure is thus diluted in strength, 
and a very much larger bulk of substance is obtained 



532 


AlTI.lCA'l'ION AND MIXING OF MANIGIF8. 


to work wiili. Circiinistaiiccs must decido wliicli ol 
these substances to use. If the soil be a heavy clay, 
the addition of sand or ashes may liavc an imporlaiit 
mechanical effect in improving its texture; wliilc, (»ii 
the other liand, if it be a light soil, the addition ot 
peat igay improve its mechanical condition. It nmsi 
also be nmiembered that ]>eat itself contains a laigr. 
amount of nitrogen, and thus forms a manure of soma 
value. In using loam or peat to mix with artificial 
nuinures, they should be tirst dried and then ridtllcd; 
while if ashes be used, they should be previously 
reduced to a fim^ state.. Wood-ashes, however, must 
be used with caution, and ought not to be. mixed 
with ammoniacal manures, as they an^ aj)t to con- 
tain eaustic alkali, which would tend to drive off llic 
ammonia in a volatile state. 

It has been recommended, in order to sav(i trouble 
and elfect equal distribution, that the manure to 
be applied sliould ahvays be made up to the sanu' 
amount, so that the farmer by experience may aseer- 
taiii the rate at which to ai)j)ly it. And liere it may 
be wmll to say a word or two on the subject of mix- 
ing manures — a subject with which the farmer 
not always so conversant as it is desirable in I he. 
interests of his owji pocket ho should be. 

Mixing Mamms. 

It is to be feared that not unfrequently indiscrim- 
inate mixing may cause very serious loss in the mo" 



LOSS OF AMMONIA. 




vrilual)lo constituoiil. of a inainire. 1 1 may Ix! W('ll, 
tlicrct'orc, to point out one or two of tlio causes of 
the loss tliat is apt to ensue on the mixing of (liffeivnl 
kinds of niaiiuj'es togetlu'r. 

As tli(‘. subjcx'.t ([(‘pends for its ('h'ar eoiii])relieiisiou 
on ('{‘rlain eliomieal (‘lenientaiy piineiph's, it may lx- 
\V(‘ll f(jr the InnKifit of non-eliemiea] readers to stale 
tlic'se pretty fully. 

liisl's of Loss ill Mix/ II res, 

The risks of loss which may occur from lln; mixing 
of ai'tificial manures togetlu'r may ho of ditrei’eut 
kinds. On(‘ is the risk of actual loss of a valuahle 
iitnivdieait through volatilisation; anotln'r is tin* ]isk 
of the deterioration of llui valge of a mixture through 
change of the chemical state of a valualde iugr('di(‘id-. 
hndoubt(‘dly the most common and most S(U’ious 
source of loss*is the former. Of the thr(‘e valuahh! 
uianui'ial ingixjdients— nitrogem, ])h()Sphori(‘. acid, and 
potash— only tin; first is liahhi to loss hy v(jlatilisa- 
fion, and this generally only when tlu' nitrogen is 
'■itlu'.r in the harm of ammonia or nitric acid. 

Loss of Aurnioiuo. 

Ammonia, when uncombined, is a very volatile gas 
^vitli a pungent smell, a property which enahles its 
‘'^cape from a manure mixture to he very easily de- 
It belongs to a class of sul)stanc(xs which are 
kiiown chemically as bases, and which have the power 
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of conibiniiig with acids and foriniiig salts. Sidpliatt* 
of aniinoniii is a salt formed — as its name indicates— 
l)y the union of tlie base, ammonia-, with tlu; acid. 
snl])]niric acid. Now wlien ammonia imiti's with 
sulphuric acid and forms sul])hatc of ammonia, il is 
no longer volatile and liable to escape as a gas, l)ut 
becomes “ fixed,” as it is called. 

Althongli most salts are more or less stabh' l)0(lies 
— not liable to change — if left alone, and not siil)- 
mitted to a liigli temperature or cliemical action, 
they can be easily deconiposed if they ar(‘. lioated 
or brought into contact with some other substaiuH' 
which will give rise to cliemical action. Snl|)hatc 
of ammonia is a salt that is very easily decomposed. 
This is due to the f^t that its base, ammonia, is 
very volatile, and not capable of being held vci'y 
firmly by an acid, even by snlphuric, which is among 
the least volatile of all the common acids. If, thcrc- 
foreg sulphate of ammonia lie lieated above the boil- 
ing-point of water, or bronglit in contact with any 
other substance which will give rise to chemical 
action, it is easily decomposed. Now a salt may be 
acted upon by a base or an acid or another salt. 
When it is brought in contact with a base, if the 
base with which it is brought in contact bo a strongci' 
base than the base of the salt, the salt is decomposod, 
and a new salt is formed. The acid, in short, ex- 
changes its old base for the new one. 
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Effect of fAmc on Ammon i(( Anil. 

This is Gxaclly wliiit takes ])lac(‘, vvlicii the base liiiu^ 
I'liiiK'S ill contact witli an ainiiionium salt, such as 
suliihate oi‘ aiiiiiioiiia. The sulpliuric acid exchanges 
its old base, ammonia, tor the stronger liase, lime, 
and sulphate of lime is fornuMl, and ammonia is set 
live as a. gas, and es(‘a[»es and is lost. Sul[)hate of 
aiiiiiionia, or any substance in which tliere is an 
aiiniionia salt, mn.st neviT be brought in contact witli 
five lime, otherwise tin? ammonia will be lost, and 
should be harrowed in on chalky soils for this reason. - 
It is dilTerent entirely with gypsum — which is 
sulphate of lime — or phosphate, of lime, both of 
which may lie safely mixed w^h suljihate of ammonia 
without any danger of escape of ammonia. It fol- 
lows from the above that a mixture which must on 
uo account b*e tried is slag phosphate and sulphate 
f*f animonia. This is hecause the slag phosphate 
•-’oiitaiiis a large percentage of free lime, which would 
A once, on being brought in contact with the sulphate 
of ammonia, decompose it, and cause the ammonia to 
1 h? lost. Tor this same reason guano must not he 
mixed with slag. It is perhaps unnecc.ssary, however, 
fo warn one against so doing, as it is not likely sindi 
uiixture would be made, as the ratio of phosphoric 
•odd to nitrogen in guanos is generally greater than 
I'erpiired. If it be desired to mix the slag with 
quickly available form of nitrogen, nitrate of soda 
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is not lia])le to loss; altlioii^^di for othor reasons it 
is not (l(‘siral)le to apply nitrate of soda alono with 
tlio slag, as the former mamirci should ho ap])]ii'il 
all Host always as a top-dressing. 

Ijm of JVi trie Acid. 

I’hc risks of the loss of nitrogen in tlu^ form o) 
nitric acid, although not so great as they arc', in tlic 
case of ainniouia, are still considera.hle. As iiitri< 
acid is not a base hut an acid, what is to hi' avoidci! 
in mixing nitrates is bringing tlicm in contact with 
any other manure which contains another free tiiid 
stronger acid — as, for example, su])erphosphate. The 
free acid [ux'sent in superphosphate has the; teiidimcv 
to (hive out the nit^c acid from the nitrate; and 
usurp its place. The risk of loss of ex])ulsion in 
the above cases is always augniented by the rise of 
temperature which iiivariahly accompanies chcmicnl 
action of any kind; and although the loss of nitre- 
gen, in tlic form ol nitric acid, caused by mixing su])er' 
jdiosphate and nitrate of soda, might, under ordinary 
circumstances, amount to very little, yet, if tlie inix- 
turi; were to be allowed to stand any time, and the 
temperature of the mass to be heightened, the loss 
whicli would undoubtedly then ensue would be con- 
siderable. 

The nitrogen salt which it is safe to mix with 
superphosphate is sulphate of ammonia, 
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Ju'VPTsuni of Pkosplntfi s. 

lUit, as lias alroady heoii iiiontionod, lliere is aiiotlaa' 
loss wliioli inay rosult Iroin tin* mixiiiL;' of iiiainn'os. 
This is ilio detoi’ioration of tlic value of an iiie;rcMlieiil 
liy reason of cliaiii^o of elicinical eondilion. This is a 
soinee of loss tliat was little suspecU'd a nniiiher of 
y(‘ars ago, hnt it is now well known that snperphos- 
I'liate of linic, under certain conditions, is ehangod from 
its soluhlc to an insoluble form. We liave alnxidy 
referred to the reversion of phos]»hate in the chajitm’ 
"11 the, j\[anufacture of Supei'jiliosphates.^ It was there 
poiiitod out that reversion is often caused hy the 
I'lesenee of iron and alumina or undissolved ])h()S])hate, 
and that the risk of reversion is thendore very much 
loss in a well-made article, made from pure raw 
material, than in one made from a raw ])hosphate 
containing inu(?li iron and alumina. Siipmphos)jhates 
omitaining a large percentage of insoluhle i)hos[)hates 
<aight not to be ke])t too long before being used as a 
'“amire, otherwise much of the lahour and expense 
’iivolved in their manufacture will be lost by the 
Inversion of their soluble pbospbate. TTiithcr, it is 
^‘Ighly inadvisable to mix superphosphates with liasic 
■'^Ing, which contains a large percentage of both iron 
^md free lime. Lastly, if it is desired to mix super- 
I'l'aspliate with insoluble phosphate, the mixture ought 

Im made just previous to application. 


Soc ]>. 389. 
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Munurml f n<irrdnnis should he (ipjdu'd ^(pdridri tj. 

The ([iK^stioii oi‘ ap})lyiii<f maiuire in mixtures is our 
oil wliicli considerable dillereiice of opinion may I'xisi. 
For many reasons manures are often belter aj)]i]i(‘(l in 
tlie unmixcd condition. Imr example, a mixliun ol 
a ([uickly aetiiy^’ nitrogenous manure vvitli a slowly 
acting ])liosphatic manure is not suitable. In siu'ii ii 
case either the nitrogenous manure will be apjilitMl 
too long before it is required by the plant, and tliiis 
suffer from risk of loss, or the phos[)lia.tic manure will 
not be a])i)lied long enough hefore it is likely to Ih‘ 
used, lly applying manures in an iinmixed condition 
the clianccs are that a more economical use of llifiii 
is made tlian would othm’wise be the case. On lln' 
other hand, while the application of the separate con- 
stituents may be desirable from the scientific i^oint 
of view, it involves a considerable aiiiount of (ixlra 
troulde. Of course a further consideration is the 
desirability in many cases of having a complete 
manure. The above hints, therefore, on the risks ol 
loss which exist in mixing manures, may be of service 
to the agricultural student. 



539 


CHAPTKll XXV. 

ON THE VALUATION AND ANALYSIS OF jM AN DUES. 

Vahie of Chcmic/d A uidijHia. 

Tiik value of a manure to the farmer depends on tlu! 
proportion of jiitrogen, phoHpJioric (/rid, and pofr/sk it 
contains, as well as — and this is hardly less important 
^thc condition in which the ingredi(uits are present. 
*^iiice these facts can alone he determined hy .a 
cheiiiical analysis, it is obvious that manures should 
always be purchased with a chemical analysis. It 
is unfortunate, however, that very often a chemical 
‘'^uidysis, even when procured, is unintelligible. It 
loay })e of advantage, therefore, to say a word or two 
*>u the correct interpretation of the signilicance of 
Ihe data furnished in the ordinary chemical analy^'s 
“f nianures. 

Interpretation of Chemical Analysis. 

'I'he first thing that the farmer ought to look for 
the analysis of a manure is the amount of nitro- 
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])lios])hoi'ie' arid, and potash whicli the iriiiinnv 
(M)iitains. 

Tho })oroonhiL;(‘ of nit/ro< 4 ('n in a inaimix' is nrsn r 
idly sialod iis tspial to its (HpiiNaloiit ])cr(‘ei)t:iu(‘ di 
aininoiiia. Voiy often, indeed, in the older analyses, 
its eiinivident of ainnionia was alone stated. Nn\v 
this stateinent docs not in'cessarily imply that llii' 
nitrogen in a inannrc is actually })reseni in the hiini 
of ammonia. Thus, for example, when it is stid(‘(l in 
iin amdysis of Itone-meal that it contains ol) i)cr (riil 
of nitrog(*,n, e(iual to 4.110 |ier cent of ammonia, it is 
not to be iiderred thiit bone-meal actu.ally coiitaia^ 
nitrogen in the; form of iimmoniii. In point of hi't 
the nitrogen is ])reseiit in <an insoluble, slowly avail- 
able, organic form, which possesses a maniirial valae 
v(uy inferior to that possessed by ammonia. This 
custom is a most unfortunate one, and is much to he 
regnTlod, as it is often liable to give rise to serious 
misunderstanding. It must be remembered, thcri'l'ire, 
that an ordinary chemical amdysis does not always 
specify tlie exact form in which nitrogen is actually 
present. It is nevertheless of importance for the 
farmer to know this, of which the nadiire of the 
manure analysed is generally a good indication, l ’^' 
fortunately this is not shown in the case of 
manures ; and this constitutes one of the reasons wh} 
mixed manures are sometimes to be regarded 
suspicion. 



niosnioiac acid. 


nil 


lyiosphorie Ac, Id. 

I'hu aiiioiint of ])li()s])]uitcs ])r(isont in is 

usually slated in its analysis as so imicli })lios])li()i i(' 
arid, while in a footnoU; the (|nantity of tiiealeir (or 
nrdiiiaiy bone) ])liosi)hate this aniount is eauiivaleiit 
to is also given, this ludiig the unit of valuation. 
When the phosphates aiai in a. solubh* coiulitioii 
tliey are stated as such, !ind at the same tiiiua a 
statement is made as to tin* (piantity of trieahde 
pliospliate which would he rerpiired to furnish this 
:>iiiiiimt hy treatment with snlpliuric acid. Thus, 
hu’ example, in an analysis of a siipeiyhosphate, of 
lime, the statement, riwnocalcic plioqduilc, 17. d per cent, 
'pe(jl to /rmn/rm rendered '' Hiilid/lc'’ ' 27.2 per 

means that it would reipiire ' 27.2 ])er cent of 
ti'icalcie phosphate to furnish 17. •» ihu’ cent of soluhh; 
I'hosiduite. IVradoxically enough, the former amount 
called '‘HoluhlA’ pimplude, and such a superjihospliate 
tlie above would ho dicscrihed as containing 27.2 
I'cr cent of “soluble” phosphate. 

Again, there are different forms of the so-calle(l “in- 
'"hihle” phos])hatcs/ although they are oft(Ui not dis- 
h^lguislied in a elumiical analysis. As we have already 
l”-'iiited out ill the chapter on llasic Slag, phosphoric 
'^*'id occurs in the slag in the form of tetrahasic 
1‘liesphate of lime, although it is invariably stated in 

^l<e term insoluble pJiosphalcs i.s an uiiforlni)at(! on<‘, as tin; word 
ciS()lid)P. is purely relative in its signiticance, Undinaoleal plios- 
1’ ‘'des would be a better term. 
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analysis as so iiiiicli tricaleic pliospliatc. Then wc 
liavc! tlic so-called dibasic phosphate of lime, tin' iorin 
into which soluble phosphate in siiperphosj)li:il(‘ is 
converted when “reversion” takes place, llitlieihi 
it has not Ixam customary in this country— althdii^li 
tlie custom is prevalent both on the Continent and in 
vVme.rica — to distinguish in the analysis of a su]h‘!- 
]diosphate the “ reverted ” pliosphate from tin; niidis- 
solved phosphate; since the superior value of ilir 
former as a manure is not recognised in the maiiiirL'- 
trad(0 

Imfforfancr of lM(rh(<nic((l ComlUion of Fhospliatr. 

A farther point to which it is desirable to draw 
attention is the mcehanical condition of the dilTercnt 
insoluble phosphates, which has an important intliu.'iica 
on their value. A very wide dilfercnce, for exaniglc, 
c.xists l)etwecn the value of pho.sphate of lime in siu li 
a manure as Malden guano and in the crystalline 
mineral apatite; although, chemically considered, the 
form in which the phosphoric acid is present is tii^' 
same in l)oth substances. 

Potash , 

Totash ought only to occur in a soluble form ni 
manures. It is generally stated as so much potasii. 
and in a footnote the ecjuivaleiit amount of muriate 

^ Tho amount of “reverted” phosphate is estimated hy the 
inoniiua citrate process. 
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-vt;} 

01 sulphate of ])()tasli is given, the foriner hciiig the 
more coiiceiitrateil form of potasli. 

I'or pur})oses of reference a talih; will Ik? found in 
tlio Appendix^ .giving some iisofid factois for coii- 
M'lliiig diri'erent forms of nitrogen, jdiosjdioim* acid, 
])otash into one anoth(‘r. 

Otlu r Ilrvisin the (-/lajiirdl AiudiisU ulMaiiin'i S, 

The other items in tin* analysis of a mannre arc of 
ri'iiiparatively seeondaiy importance comjtai’cd with 
tliose already named. Among them may Ix' men- 
ti'iiied the 'iiioisfure, the Insol idilr nuif/cr, and tin* 
"I'Hifnio viHllcr. The amount of moistina'. and the 
'tiiioiiiit of sand are two items of imjiortaiice, since, 
It these arc excessive, they aUdi’d ]»resiiniplio]i that 
tlic manure hiis been adulterated. 


(/ nd Fa’dinij Sh/J/s A cl. 

An Act was passed, !ind came into operation in 
'hiiiiiary 1894, for the purpose of compelling (wery 
Vendor of manure manufactured in this country oi- 
^’''ported from abroad to give to th(‘ ])urchasei' “an 
^■'voice stating the name of the article, and whether 
T IS an artilicially compounded article or not, and 
'vliat is at least the percentage of the nitrogen, sol- 
'•Me and insoluble phosphates, and potash, if any, cmi- 
buimd in the article, and this invoice shall have the 


* See Note I., p. .^>53. 
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saiuo clTcct as a waiTiiiity by the seller of the sLili'- 
luciits contained tlicrein.” 


niff ('rent MeUiods of Valuing Manures. 

The inunetary value of a manure depends him si 
a nund)er of more or less complicated commeivial 
considerations, such as the questions of su|)])ly and 
demand, fe, wliich need not here lu' discussed, and 
which similarly regulate the monetary value of any 
other article of commerce. 

“ I 'nil / c/z/r of Manurlal Ingredients. 

Tor the purpose of aUbrdiiig data for asccrtaiuiiiy 
the approximate value of a manure, tables have been 
drawn u]i giving what is called the “ unit ” value ol 
the dillerent inanurial ingredients in various inanures, 
This is obtained by dividing tbe market value t)f a 
manure ])er ton by the percentage of nitrogen, t)hes- 
phoric acid, and potash it contains. Thus, for exanq)k', 
sul])hate of animonia of 97 per cent purity contains 
25 i)cr cent of ammonia, and at jnusent (Dec. 1892) u 
valued at XI 3, 15s. per ton. In order to obtain lha 
u'lit viduc of ammonia in sulphate of ammonia, wo 
have only to divide X13, los. by 25, which gives as 
11s. The value of such tables depends on the com- 
petence of those drawing them up, and they roquim 
to be subjected to constant revision. In the Appendix 
will be found twai of these tables, t.aken from tlu’ 
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Tnuisacliuiis ut' tlic Ilii^lilaiul and A^iicullural 
Society of Scotlaiul.’^ 

iatri/isic I ’"id nr, nf Mnn n rrs. 

r.ut tlioro is aiiotlua- way of valiiiiiL;' iiiamircs, and 
llial is by attcnit>tinL!: to ascoilain what their iidriiisic 
woi'tli is ill prodiicinj^' an increase in tin; relunisof tlie 
cro}).s. (Jf conrsii it may l»e said tliat the intiansie 
wortli of manure atrects directly its market value. 
Tliis is doubtless triui, hut it is not the only factor 
ill (kdermiiiiuij;' the market valiu'. of a mamire. 

Again, the iutriusic wortli of a manure may In; said 
la vary ac(‘ordiug to the soil to which it is ajiplied 
mid the climatic conditions. This being so, it is 
iiiiportaut for every farmer to try and ascertain for 
IiiiJiself wliat tln^ intrinsic valium of dilTerent manures 
Ill'll the soil of his farm; and this can only he done 
I'V carrying out uiaiiuring (‘Xjteriments for himsidf. 

1 Ids haul s us to say a word or two on the important 
mihject of 

Flcl d E.rpevimen Is, 

It is iinpossihle that every farm should he alile to 
mipport an experiment station for the purpose of 
carrying out elaborate experiments on the eflect (if 
‘dhercut manures on dillereut crops. Nevertheless 
d is possilde and highly desirable for rrrrp farmer 
who is engaged in arable farming on any scale to 
rarry out simple experiments for the purpose of 
^ See 'Note II., p. aoL 
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asccl'tuiliiiig tlic clianicloristic inaiiiil'ial rcquiroiiK'nls 
of liis soil. This can 1x3 done at the expenditure nl 
a little time and trouble, and should be carried eiit 
in the following way. The field on which it is desiird 
to carry out the experiments should he divided into 
the requisite number of experiment plots. These, 
which may be the tenth, twentieth, or fortieth of an 
acre in extent, should be, if possible, on a level ]'ieei: 
of ground— all of them cipudly free from the shelter 
of hedge or tree, and otherwise subjected to the same 
conditions. The nature of tlie soil of the dil’tereiii 


plots, as well as its ])ast treatment, should be similar. 
It is desirable, in order to minimise experimental 
error as luueh as jiossible, to cany out the exjieii- 
ments in duplicate, or even triplicate. In the lii’d 
place, there should be what is called a ])lot — 

ix,, a ])lot receiving no manure. The })roduce obtaimd 
from this ])lot, compared with the produce obtained 
from the other manured plots, will thus furnish data 
for estimating the respective amounts of increase 
obtained by difiereiit manures. One very simple 
kind of experiment is what is called the “ seven-plot 
test. It consists in testing the results obtained I'V 
Vising nitrogenous, phosphatie, and potash nmiiures 
alone and in different combinations. Thus the plot^ 
would be manured respectively as follows : — 


No. 

1. Nothing plot. 

2. Nitrogen. 

3. Phosphates. 

4. Potasli, 


No. 

5. Nitrogen and phosphates. 
0. Nitrogen and potash. 

7. Phosphate.s and potash. 
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'rim 8ul)jcct.s of utlior oxjionineut.s Dii_L!;lit be .such 
as the respective value.s (»f iiitro[;eii in tin; (liHereiit 
forms of sulplmte of jimmoiihi and nitrate of soda; 
])liosplioric acid as suporpho.spliate, Jiiid in an un- 
dissolved form as Tlioma.s-.slag ; the I’elative import- 
ance of artificial and farmyard manure; tlu^ ellect of 
niaiiurcs appli(Hl at dillerent times, as well as the 
cirect of dillerent (piantities of the .same manure; 
llie most economical manures for dillere.nt kinds of 
crops; and nuinerons other interestini; problems eon- 
iiccted with the ])raetieal a}»plication of manures. 

In carry iiu^ out these experimmits, can; should bti 
taken not to have the ex])erimental ]»lots Iniinrdiuldij 
adjoining one another, as the manure applied to the 
"lie plot may, by soaking tlirough the .soil, altect the 
result on the adjoining plot. Mspeeial note ought to 
be taken of the weathm- during Llu‘ progress of tin; 
experiment. *ln order to make such experiments as 
valuable as po.s.sible, they ought to be eontinue<l year 
after year. At the conclu.sion of the experiment 
the produce obtained from each plot should be 
carefully weighed. 

Educational Value of Field EqnynrneM^^^ ^ 

The educative value of such experiments is very 
groat, and in this connection the remarks made by 
^Ir Y. J. Cooke, in a recent lecture delivered to the 
kondoii Farmers’ Club, are worthy of most careful 
voiisideration. 

“ Local expieriuients/’ he says, “ teach the simple 
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|iriiitji|)lcs wliicli slioiild dctcnniiui tlu; sidoclioii ol 
iiuimims, as well us seiciitilie acciirucy uiid iiielliod in 
tlu'ir use. The vulue of exj)erinieiits is thus bruin^lil 
lioine to ineii wlio would not i^o fur to diseover it ; ami 
the ])i‘aetiee of u few simple trials upou u curriM t 
system, (^a.ch ou his own farm, is encouraged. Thai 
such trials may be conducted with very little expanse 
to the, hirmer, or other diHicult (|ualilicutious, and ynl 
to his great pruclical advantage, 1 wall venture to 
assert on tlu', ground of my own personal experience. 
For some twenty years I have annually condiiel(‘d 
private ex])eriments on a very humbh'. seah^, and am 
not aware of any other S('.])aral(‘, ])ractic(! which has 
been so useful lo me. It has been |)ursued u])on two 
liglit-land farms in ditferimt jsirts of the same eounty. 
•Yet, in res])ect of manuiaal re(pdn!ments, the pro|ier 
treatnu'nt for one of them has diltered so essentially 
fi’om the other that a common i)ractlce upon both 
would have been simply ruinous.” 

Value of Manures deduced fnau, K.iperune 

Tables have been constructed for the purpose ot 
showing the comparative value of dillerent kinds 
oT manures as deduced from such expi;riments, and 
may be fittingly compared with the tables giving the 
trade prices. We have already rpiotcd some of these 
tables in the Appendix to the chapter on Mineral 
riiosphiites. These tables show the relative intrinsie 
value of different forms of pliosjaliatic manures. 
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(lie Appendix^ to this clinptcr ta])l(‘s sliowinj^ tin* 
ic.lativo valiui of dirfei'ent kinds of nitrogenous :in<l 
]H)tns]i nianiires will l)o found. 

]^((.hir of rni‘,rh(N/sfni Mant/rrs. 

A subject which has had inindi attention (h'voti'd 
<0 it of late years is th(‘ (piestioii of tlie value of 
iiiK'xhanstcd manures in 11 le soil. Tn tlui A,erieul- 
tiiral Holdings Act sp(!eial provision is made for giv- 
ing compensation to the out-going tenant of a farm 
for uiK'xhausted manures in the soil. Tlui A(d; has 
,^iven rise to endless disputes hetween landlord and 
ti'iiant, owing to the extreme dilliculty of arriving 
at a satisfactory estimate of what th(‘ value of tlu^ 
unexhausted manures in reality is. The. dilliculty 
arises from the fact that we have not sullicicni. data 
available for gniiding us in estimating this valma which 
further varies under dillerent conditions. TIk; fertil- 
ising ingTcdients of a soil are present in the soil for the 
most part in an inert condition, from which they an* 
only slowly converted into an available form. 

Poteniud Fcrfility (f a Fril. 

As indicating the total amount of the more import- 
ant mineral ingredients present in a soil, it may b(? 
mentioned that it has been calculated, in the case of 
a imor sandy soil, that the amount of potash it con- 
tains {jmyddrd it were in an availaUe aynditm^ W(ju1(1 
' Sco Note HI., p. 
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1)C siiOlcient to yield tlirec or four avcrn|5o cro])S of 
potatoes; of phosphates, luiictecii average crops; and 
of lime, seventy-tliree. But tlien only a very small 
amount of this fertilising matter is in a readily avail- 
abl(j form. 

It is for this reason that artificial manures, althougli 
added in such small amounts, exercise so striking 
an iiillmaice in increasing plants’ growth. Tla'ii' 
cricct, however, is to a large extent oidy of a. tem- 
porary nature; and in attempting to assess the im- 
exhausted value of a manun^ a year or two after 
its application, we must r('.meml)er this fact, 

Some manures arc very speedily taken up hy 
plants, and some are very easily washed out of tin' 
soil. Others, again, it would seem highly prohalde, 
have a tendency to ])ecome converted into a more or 
less inert condition after awhile. This; remark may 
he especially a])plied to the fertilising constituoiits 
(cliicfly nitrogen) in farmyard manure.^ The whole 
rpicstion, however, is little understood. One or two 
points may be drawn attention to. In the first place, 
it may be safely altirmed that little direct elfect can 
be expected from such quickly available and easily 
sofuble forms of nitrogenous manures as nitrate of 
soda and sulphate of ammonia a year after applica- 
tion. Potash and phos})]iatcs, on the other liand, may 
exercise an effect for a considerably longer period : 
and what the length of this period may be will dc- 
^ Sec Cha])ter on Farmyard Manure, ]>. 271. 
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Oil tlieir amount and condition. Thus it is not 
likely that superpliospliato will have much elVcct more 
than two years after application. On the other liaml, 
such manures as hones, basic sla^^ and farmyard 
iiumure may exert an appreciable inlluence for a 
number of years. How long exactly, it is wi'llnigli 
iiiipossilile to say, the rate at which they are a])])lied 
and the nature of the soil having an important in- 
lluence. 


Tahles aj VidMv of (dnr.rJiauMcd JA'a/ovs. 

NTimerous tallies Inive been drawn up for the 
purpose of guiding farmers in estimating this un- 
exhausted value iit different jicriods jifter applica- 
tion, and in the casi; of different manures. Such 
tables, as a rule, furnish only very rough approxi- 
luations, and are little better than mere guess-work, 
‘^till more complicated is the attempt to assess the 
manurial value of foods consumed liy the stock of the 
h'oui. Lawes and Gilbert have devoted much atten- 
tion to the elucidation of this dillicult (piestion, and 
have drawn up most elaborate and valuable tables, 
furnishing data for calculating unexhausted manure 
value in the case of commonly used foods. TIfese 
tables are given in the Appendix.^ In them will be 
found the manurial value of different cattle - foods, 
<^‘alculatcd on the basis of numerous experiments 
carried out at Eothamsted. 


See Note IV., p. 5r,7. 
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Tluis the.s(‘ experiiiioiits liavc dcmDiislrated llmt, 
oil an average, })ro])a])ly not iiioi‘(‘ tlian onc-Uiil/i ol 
tlie nitrogen, pliosjdioric acid, and ])otasli a food {nii- 
tains; is I'cnioved from tlie food in its ])assage tlirouL;li 
till*, animal system. The exact amount will olivioiisly 
depend on a vai'iety of conditions, rcferri'd to idiciuly 
in a previous chapter.' 

In explanation of these tables, it may hi* ])oiiiUMl 
out that Table I. gives the total quantities of llu‘ 
three fertilising ingredients in various foods; while 
Table ]I. shows the jn'ojuirlion retained in the aniiiiid 
body and the ])ro]>ortion voided in the manure, as 
well as till* nianurial value of the food, assuniing that 
it exercises its full theoretical criect. As this, how- 
ever, is never fully realised, it is necessary to niido' 
some deduction. The deduction suggested by the 
llothamstcd experimenters, on the basispif theii' wide 
experience, is 50 per cent for food consumed within 
the last year. Tluit is to say, the maiiiirial value of 
food consumed during the last year is onhj 0 W'rh(({i 
its theoretical ralne. For food consumed within the 
last year but one, they suggest a deduction of one- 
third of the allowance for last year ; while for food 
cofisunied three years back, ii deduction of one-third 
from this latter sum should be made; and so on for 
whatever number of years, down to eight, may ho 
taken. 

^ See Chapter on Farmyard Manure, pp. 224-2SIJ. 
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XOTF I. (p. r, !:>,). 


I'sKFrL Factors for ('.\i.('Fi,ATiN(i Tin; I’l'RCFA'TAdi: of 
T.M l’ORTANT I\1 aNI'R1AR I NC R K DI F.NTS I\ A MaNI KK INTO 
TIIKIR DII'FKRKNT ( 'OMl'Ol’N DS. (From tlic ‘ Tl illl.^^aclinlis 
(if lli(‘ IIi_L,Tl;ui<l and A; 4 ricnlt iiral Sdcii*! y.’) 


AiiKiiiiii (>r 

XitlO^rcil . . . . 

Aiiinioiiia . * . 

(anliydroiis) 

I’lidsphoiir. a(dd (aidiydrons) 

jiho.spliato 
; dipliospliate 

I liinie 

1 ''IdoiiiK* .... 


Miilli|.lic.l 

dives foi 

‘•.V 

IllllMlIlll 1)1 

1.-21 1 

Aiuniiiiiia. 

(). 

Allitnninnid iii:i( |ei'. 

.821 

Xitio;^cii. 

SS2 

Sidplailc of aiiiiiioiiia. 

8.1 17 

.M uri.'ilt' of .'Uiiiiiiiiija. 

8. 701.: 

Nitri(‘ acid. 

.n.o 

Nit.rat(; cl' soda. 

1.8a 

Sulphate of polash. 

i..^.8r) 

Mill date of ]M)f:isli. 

2.188 

riiosjdiate of lime. 

1.1 

llipliospliate. 

1.018 

Soluldi! jilio.sjdiate. 

1.82.0 

Phosphate of lime. ^ 

1..006 

" 

1 .81.0 
1.780 

('arhonate. of lime. 

1.018 

( ’Idol ide of .sodium. 
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Prices j)er ton, March 1893- 
Froni 
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N GTE 1 1. — roniimird. 


( ■ASM PlUCES OI-’ Dll’FKRKNT MaNMRKS, MaR( 

H i(S9:}. 

Man runs. 

1 Miiataiiicc. 

I’rif'c per 

I'liii. 


i I’cr relit. 

C .V. il. 


SMl|iliiit (' (il aiiuiiniiia, '.'7 nsil 

. i ■.!l ,\lM. 

11 10 0 

' Am. 11 7 

Nit I'.'itr (if siula 'IN Iter rciil 

. ■ I'l 

10 N 0 

1. -doti 

.lust. 

. 

;; 10 0 

j - -1 •.!/'. 1 

lI"IH-ilust 

■ IN e 

S 10 0 

' " - 11/1 

1 )| icil l»l()(»(l .... 

IN „ 

.S 0 0 

i e 10/7 

Mul iatc of jioirtsli, .SO per roiil . 

. j NO rd. 

S IN 0 

1 

• I’oi,-- ;;/o 

Snl[iliati’ of pot.asli, NO jii-r (a'lil 

1 Kaiiiil , poi' f'ciil 

■i ' " 

;! 0 0 

.. ::/10 
j (1 ;i/l 

j Nil I'ato, (if polasli, 7:’- ])i‘r fciil . 

til Am. 1 
■ (10 I’dl. / 

1 II 10 0 

1 1 Am. 10/ 

, 1 I’lil. - 

•' 1111111(1 (.'liai'lcstmi ]»lios|iliatc . 

. N7 IMms. 

1 :: 0 0 

i'lms. 1/ 

iiliospliafc . 

. N„ „ 

N 0 

.( 0/11 

Tlll)lll:ls-sla,^ (line) iScofcli . 

;;o M 

■ 1 I'l 0 

1 /■_’ 

- (( (( Eii-lisli 

. :i7 „ 

; 0 

.( . 1 /‘.I 

I’li'isplial io ,^naiio 

1 J 07 (1 1 

’ { 1 Am. f 

j N 0 0 

1 .. 1/1 
. / Am. 10/ 
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APJ'KNDIX TO CHAPTKIJ XXV. 


NOTE in. (p. 549). 

SHOWINC UKLATIVK ^FaNOIMAL V'AHJH OF NiTUiuIFN 
AND POTASII IN DIFFEKKNT SUBSTANCES. 


Wold] 1893 . 

Nilro^^oii in form of :ninnoni;i and nilratc.s, and i‘a.sil)Ml(‘i'oiii- 
])osa.]ili' or'^anic Foniitonnds, as driod ])l()(»d, licsli- 
nu'.al, nieat-nitsil, 15'i‘nvian f'liano, and as niTt(‘ . K'O 
in liiK! stoanicd Itono-nieal, lisli-ffiiano, oilcakes, ami 
lu'ltcr kinds of artilicial ^niano . . . Sa 

in liiK! bone-meal ainl liorn-nieal . . .77 

in eoar.se Itone.s and lioi'ii-sliavings, woollen refuse, 
fannyai'd niamire, and pondndte . 

yfiiirricioi, 1892 . 

in ammonia .salts .... 
as nitrates ..... 
in <lry and lino-'tronnd lisli, meat, and blood 
in eol ton -seed meal, and castor ]>omaee 
in lim^ bone and tankaj^a; 
in medium bone and taido'ii^i! 
in eo.ir.ser bone and tankae-o . 
in bail' and born-sbaviiiits, and coarse, lish seraji 
IS liigb-^o'ade snljibate, ami in forms free from imu iales 
(or chlorides) . . . . • 

IS muriate . . . . . . 8'i 


Tolash ! 


(11 


ion 

vStl 

91 

8(1 

80 

(.18 

■|;i 

40 


Profi'ssor WngiKM' li:is drawn up, from luimorous (wpeii* 
DK'iii.s, ilio rolaiivo Jiiaiiiirinl valiio.s of diflVn'iit Ditrogeiious 
maiiuro.s, wliicli lie ratc.s as follows: — - 

Nitrate of soda . , . . . , ,100 

Sidpliatc of ammonia . . . . . • 

Blood-meal, horn-meal, and green vegetable mattt'r . • 

Finely ground steamed bone-meal, fish-meal, and meat-meal 
guaneT. . . . . . . • 

Farmyard manure . . . ‘ f ' 

Shoddy • • ■ on 

Lcath(‘r-mcal 
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NOTK IV. (p. 551). 

TAI5LK I.-Averaok Co.aii’()sjtj()n, i>i<;r cioxt and dku ton, 
oE ('attld-FooJ).s. 


ITiscr.l-uike . 
i Dl:( m iicaliid ) 

( ( uttoii-iakc ) 

l;iliii-iuil-cak<.: . 

' 1. !i(ir(;(jrii(.'atc(I ) 

I i:i)tlijii-cakc I 

>-'"t:oa-mit-(.aki: . 
kapc-caka; . 


I ■'-mils 
J arcs (seed) 


t'^i'.’oincal l . 
•■''cust-bcans l 

"^laU-CDiidjs 
i' iiic pidlard 
••■"arse pollard 
Ilian . , 

('lavcr-hay . 
Meadow-hay 


'arlcy-straw 
*’<-aii-.siraw , 


• arsni[)s 
Swedish turnips 
Man-cl-wurzds 
U'lluw luiiiipsl 
'' late turnips 



: of neither ricc-mcal, locust-bean 


J.57 «.-/) 

('•J4) (i-dd) 

1.12 6.72 


• yellow turnips have records of ash an- 


in ^'^'I'ld. For rice-meal the same perccntagc.s of phosjihoric acid and potash as in 
'alii' for yellow turnips the same ns in swedes, arc provisionally adopted ; but in all 
assumed results are given in parentheses. For locust-beans no ligiire has been 
and the cohtmns are left blank 
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No. l)KarKii-jioN UK Foui., 


TAUIjE II.— Lawks’ & GiLiiKid’’," 


Wi'i”lit (Oxen 

or Slicfii). 


l.in.sccil 
Liiisiiodcakc 
I lk'ci;rticatcd cot- ) 
I ton-cake f 

I’aliu-iiut-cake . 

( Uiidecurlicaled ) 
( cotton-cake ) 

Cucoa-nnt-cake . 
Kaj)c-cake . 


f^entils 
lares (seed) 

Indian i:orn 
Wheat 
Malt . 
liarley. . 
Oats . 
Uice-meal . 
l>ocust-beans 

Malt-coin!)s 
Fine pollard 
Coarse pollard 


6-5 344 -<’ b.do 


Clover-hay . 
I\Ieadow-hay 

Pea-straw . 
Oat-straw . 
Wheat-straw 
Harley-straw 
Hean-straw . 

Potatoes 
Carrots 
Parsnips 
Swedi.sh turnips 
Mangel-wurzels 
Yellow turnips 
White turnips 


9-0 24S.9 I. VO 

8.0 280.0 3.90 

7-5 298.7 2.45 

8.0 280.0 2.50 

9-0 248.9 2.50 

14.0 160.0 2.40 

15-0 149.3 1-50 

16.0 ^40.0 1.00 

18.0 124.4 0-50 

21.0 106.7 0-45 

23-0 97-4 0.40 

22.0 101.8 0.90 


85.7 26.1 0.20 

75-0 29.9 0.22 

log. I 20.5 0.25 

9^-0 23.3 0.22 

Ct 3-3 16.8 0.20 

150.0 14.9 0.18 


5.69 7.06 

4.74 4.45 


3.56 4-24 

3 - 5b A-Oy 


89.60 4.06 4.53 

9.».o8 4.06 4.32 

94.08 4.06 4.32 

38.08 3.95 10,37 

4o.3'2 3.95 9-^0 

38.08 4.06 10.66 

36.96 3.95 10.69 

44.80 3.79 8.46 

42.56 3.79 8.91 

26.88 3.16 11.76 

87.36 .3.56 4.08 

54.88 3.79 6.91 

56.CK) 3.56 6.35 

56.CK3 3.16 5.64 

53.76 2.03 3.78 

33.60 1.90 5.65 

22.40 1.78 7.95 

11.20 1.58 14.11 

10.08 1.36 13.49 

8.96 1.24 13.84 

20.16 1,29 6.39 

5.60 0.47 8.39 

4.48 0.33 7.37 

4-93 0.38 7.71 

5.60 0.26 4.64 

4.93 0.30 6.og 

4.48 0.21 4.69 


36.37 44.'-’ i 

34.02 41.3 I 

33.01 .(O. I I 

41.01 49.8 I 

38.77 47 - ( > 

23.72 2S.8 0 

83.80 101.8 

5). 09 62.0 I 

52.44 63.7 > 

52.84 64.2 1 

51.73 62.8 1 : 

31.70 38.5 o 1 

20.62 25.0 o I 

9.62 11.7 O 

8.72 10.6 o 

7.72 9-4 0 

18.87 22.9 o 1 
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W.-co/iiinncd, 

AUTLATING UnEXHAUHTKD VaLUK OF MANURES. 




I’liii.si'iiMiai' Arm. 
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1 III KattciiiiiL' 
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'Oil 

lllCIV 
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Inn- 

a:..- at 


)i|'iKiiial 
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I'cr 

T.ilal 





I’.-i 

Total 


III’ Fooil 

!'i 

I'.r 

Kinm 

1 I'lU 

ifiil. 

Ill' 

r«* 

main- 

Value- 
at. ;:<l. 

ptT lb. 

I'l-r 

IN -I- 

l-’roiii 

1 (on 

n-llt. 

of 

main 

ValiD- 

fUllU(-il. 



(if 

lAmil. 

total 

con- 

ill!,' fur 
Mail- 

n-lit. 

1.011. 

1 "‘t 

total 

ill;' I'oi 

Mail. 

-jbl, |)i-r 
11). 





.SUlllctl. 

UIV. 





^IIIlU-il 

iiro. 



111. 

lb. 

7 o 

lb. 

(/. 

■'L 

11). 

Ib. 

7 u 

11). 

il. 

C r <1. 



3.S5 

1 1 . 1 6 

3->.65 

7 

1-37 

3 '-'- 6 ); 

<->-49 

1.60 

30.20 

6 3 

? 19 5 


f|.0U 

3.21 

7.17 

41-59 

5 

1.40 

31.39 

0.41 

1-31 

30.95 

6 5 

j8 6 

H-' 

'">44 

2.96 

4. 26 

(16.48 

16 5 

■2.00 

44.80 

0-38 

0.85 

44.42 

9 3 

5 i.i 0 



-75 

10.23 

'-’ 4-13 

6 0 

0.50 

1 1.20 

<->-35 

3-13 

10.85 

? 3 

I 19 m 


■II.Sq 

2.41 

5 - 3 S 

4 -’-39 

10 7 

2.<X) 

44.80 

0,31 

0.69 

- 14-49 

5 11 

3 .5 -4 



2.41 

7.68 

28.93 

7 3 

V.LM.) 

.(.(.80 

0. il 

U.69 

44-49 

<1 3 

3 0 7 



j.g 3 

3-45 

54-‘>7 

13 6 

1.1,.) 

33 -<''> 

0.25 

0-74 

33-35 

6 11 

•( 5 4 

i.r.) 

:>o.| 

-75 

14.44 

16.29 

-1 J 

0.96 

2 1 . 50 

f'- 3 .') 

1-63 

-.! 1 . 1 5 

4 5 

? 15 0 

3 3 5 

.'■1.64 

-75 

11.16 

21.89 

5 6 


29.12 


1 . 20 

-.-8.77 

(> 0 


if.-. 00 

-75 

i (>-37 

14.05 

3 6 

0.70 

15.68 

‘■>-35 

2.23 

15 - It 

3 -2 

1 1 4 


1>'J2 

-75 

15-3:. 

US- 17 

3 9 

0.80 

17.92 

0-35 

1-95 

17-57 

.5 « 

3 ? 1 


I ].. 14 

2.68 

19.94 

10.76 

2 8 

^--37 

8.29 

0- 34 

4.10 

7-95 

1 8 

1 5 I 


ii;.04 

2.68 

14.08 

*16.46 

4 > 

<->•53 

11.87 

0-34 

2.86 

1 1 . 5 ! 

? .5 

I 8 7 


17.1J2 

'-75 

15-35 

1.5-17 

3 9 

0.50 

1 I.-2U 

u. 

,v 13 

1 0.8 5 

2 1 

I 6 8 


1' .So 

2.68 

15-95 

14.1-2 

3 6 

0.55 

12. 52 

0-31 

2.76 

11.98 

2 6 

6 I 


'.;-44 

i‘. 3 - 44 ) 

2.57 

(19.12) 

10.87 

-2 8 

0.50 

I 1.-20 

0-33 

2.94 

10.87 

? 3 

I 9 10 


-57 

(19-12) 

(10.87) 

(? 8) 

(-37) 

(8.29) 

0-33 

( 4 .o<A 

(7-96) 

(1 S) 

(1 710) 
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■1 £u 

2.41 

5-38 

4 2-39 

10 7 

-2.00 

44.80 

0.31 

0.69 

44.49 

9 3 

3 lo 9 



-57 

3 - 9 ^' 

62.39 

15 7 

1.46 

3-2.70 

0.33 

1 .01 

3?-37 

6 9 

? 13 4 


78 - 4 '> 

2.41 

3-07 

75-99 

19 0 

1.50 

33-60 

0.31 

0.92 

33 . -'9 

6 II 

2 17 9 


■>.>.f ,4 

-14 

2.65 

78.50 

19 8 

J.45 

3-2.48 

0.27 

0.83 

32.21 

6 8 

2 1.3 5 


‘‘•77 

1.38 

10.81 

11-39 

2 10 

1.50 

33-60 

0. 1 8 

<‘ 1-54 

33 - 4 ? 

7 0 

2 1 3 


1.28 

14.28 

7.68 

I 11 

1.60 

35-84 

0.16 

0.45 

35.68 

7 5 ^ 

1 8 7 


7.84 

1.20 

15-31 

6.64 

1 8 

1. 00 

22.40 

0.15 

0.67 

22.25 



4 8 

0 18 10 

1 

.>38 

1.07 

19.89 

4-31 

I I 

1. 00 

22.40 

0.14 

0.63 

22 . 2 b 

4 8 

0117 


5-38 

0.92 

17. U) 

4.46 

I I 

0. So 

17.92 

0. 1 2 

0.67 

17.80 

3 8 

0 10 1 

0. 

4-03 

0.84 

20.84 

3-19 

0 9 

1. 00 

22.40 

0.11 

0-49 

22.29 

4 8 

0 IQ J 


6.72 

0.88 

13.10 

5.84 

^ 5 

1.00 

22.40 

O.Il 

0.49 

22. -?9 

4 8 

0 17 7 

'■'5 


0.32 

9 - 5 ?. 

3.04 

0 9 

0.55 

1-2.32 

0.04 

0. :;2 

12.-28 

2 7 

0 6 5 


4-26 

0.22 

10.89 

1.80 

0 5 

0.-28 

6.27 

0-03 

0.4.8 

6.24 

1 4 

<> 4 3 


0.26 

6.10 

4.00 

1 0 

0.36 

8.06 

0.03 

0.37 

8.03 

I 8 

0 5 5 


^•34 

0.18 

13-43 

1. 16 

0 4 

0.-22 

4-93 

0.02 

0.41 

4.91 

I 0 

047 


} 57 

fj' 34 ) 

1.12 

0.20 

12.74 

-37 

0 4 

0.40 

S.96 

0.03 

0-34 

0-93 

I 10 

050 

0.05 

0.14 

(10.78) 

(f.20) 

(0 4) 

(0.22) 

(4-93) 

0.02 

(0.34) 

(4-91) 

(1 0) ( 

[o 311) 


0.13 

11.61 

0.99 

0 3 

0.30 

6.72 

0.02 

0.30 

6. 70 

I 5 

040 
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(MIAPTKU XXVI. 

THE KOTIIAMSTEI) EXTEKIiMENTS. 

J^Ei'KiiEXCE lias been so n'peatcdly made in tlu! pre- 
ceding pages to till*, lioilianisted exjiei'inienls oii 
inannres, that it may form a litiing eonclnsion le 
the ])i‘esent treatise to give a short account of these 
famous ex[Kn‘inieiits. 

In descriliing these experimenls, the author has 
remarked elsewhere ‘ “ that, in respect of their wide 
scope, dealing as they have done with almost every de- 
partment of farming, the clahoratc care and aecuraey 
with which they have hecn carried out, the leiigtli of 
tiiiKi they have hceii in progress, and, lastly, in respect of 
the important hearing their results have had on agricul- 
tural practice, these famous experiments may he justly 
desVrihed as unrivalled hy any other similar ones.” 

Started on a small scale in 1837 hy Sir John (tlicii 
Mr) Lawes, they were placed on a systematic basis m 
1843, in which year Sir John Lawes associated with 

^ See Sir John Bcimot Lawes, Bart, and the Kotliainsted 
nients. By C. M. Aikinan, (‘Scottisli Fanner’ Ollice, Glasgow.) 
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liiinsolf Sir (tlieii Dr) J. Henry ({ilbcrt. They liiive 
lliiis lieeii in progress for ii period of lifty yiNirs—a 
fiicL wliicli was celebrated ji few niontlis ago by tlie 
picsuntaiioii of nnnieroiis congratnlatory addresses 
[rom VII lions learned and agricultural societies to 
till! distinguished investigators, and the oreciion of a 
iiieiiioriiil granite slab at KolIi:iiiiste<l. What in- 
creases the feeling of gratitude due to Sir John 
hawes by the agricultural coniinunity,. is the fact 
that tlie entire expense of conducting these expiui- 
laciils lias been borne by himself, and lu^ lias iurther 
most generously handed over to (he nation a large 
•sum of money and a certain area of land for cariy- 
iug them on in perpetuity. 

Nat lire of Expcr mcnls on Crops n ml Mo ii n irs. 

The earliest systematic ex])eriments wiu’c on turnips, 
iuid since then almost every common cro|) has lieen ex- 
pcrimeiited on. Table I. (p. 502) is a list of the diller- 
cut experiments, with their duration, area, and number 
[dots. 

Soil of livth a in v/ cd. 

llefore describing the more striking results of these 
experiments, it may be advisable to say that^he 
elevation of the land at iiothanistcd is about 400 
feet above sea -level; that the average rainfall is 
^djuiit 28 inches per annum ; and that the surface- 
‘"’oil is a heavy loam, and the subsoil a still clay, 
I'esting on chalk. 



5{;‘2 THE UOTIIAMSTEI) EXPEIMM ENTS. 

TA13LK T — Lr«T of Kotiiamsted Field Fxperlmi;xt>. 


Cuoi’s. 

Duration. 

Area. 

I'lnl., 

1 


Yc.ars. 

A CITS. 


Wli(',.at (various iiiauui’cs) . 

.^0 

11 

81 (or ; 

Wlieat ;illcruat(ul witli I'allow . 

42 

1 

‘J 

Wheat (varieties) 

15 

4 8 

ahoul 

Barhiy (various manures) . 

■12 

FI 

2d 

Oats (various manures) 

10' 

Oy 

6 

Jk'aus (various manures) . 

;32- 

P'f 

10 

P)eaus (various manures) . 

27'’ 

1 

[) 

Beaus, alternated with wlu'at 

2S‘‘ 

1 

1 0 

Clover (various manures) . 

2‘J-* 


18 

Various leguminous i)lants 

It) 

8 

18 

Turni))s (various manures) . 

1 

28" i 

8 

10 

Su^oir-beet (various manures) 

5 i 

8 

■n 

Mangel-wurzel (various manures) 

18 1 

8 

11 

Total root cro]>s 

51 1 



Potatoes (various manures) 

18 

0 

i F) 

Rotation (various manures) 

4() 

8 

12 

Permanentgrass (various manures) 

88 

7 

22 


• Including nno year fallow. 

- Including one year wheat and live y».’avs fallow. 

•' Including four years fallow. Including two years I'alhuv. 

Clover, twelve times sown (lirst in ISls), eight yielding crops, hut four nl 
these very small, one year wheat, live years barley, twelve yeai's fallow. 

'* I neluding barley without manure three years (edeventh, twelfth, and thirteciilli 
aoasons). 


W HEAT Experiments. 

The first experiments we shall refer to are those oii 
ivMat, since they arc among the oldest, and their re- 
sults the most striking of any. 

Tinman lord Plots, 

Wheat has been continuously grown year after year 
on three plots for fifty years, witliout the application 
of any manure whatever. 
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no:} 

We .sliJill lirst give tlie results of tlie first eiglit 
years as illustrating the eriect of season, wlii(‘li ae- 
cDiiiits fo]' tlie iri'egular results obtaiiu'd. llui for the 
ilirt'erence in siaisons, wo should exju-et to find a 
steady decrease in the amount of pi-oduce ; and this is 
shown in taking the average of groups of years, as we 
sliall do ill the next table. 

W’liKAT (iiiowN eoxTixeoi sLY ON SAMK Lani) (niiiiiaiiurcd). 


AliLK IT.- 

—(a.) Jicmlts of first K'tfii Years (1811 lo 

1851) 

Year. 

Hiisiicls. 

Year. 

HuhIii'I 

181t 

15 

181!) 

i"i 

1815 

23] 

1850 

ir,5 

181(1 

18 

1851 

ir,' 

1817 

1818 

. . 14] 1 

Average of 8 year; 

s 17^ 


TahjjK 111. — (1j.) Junidls of suhscqiunit. Fdihj Years {\Kt2 to J8!)l). 


20 years (18ri2-187i) . 

Orain 

(Im.'iliclfs). 

. 11.', 

Wci^lit I'cr 
iMi.'^liel. 

57 

Straw 

(('.wls.) 

13 

20 „ (1872-18!)!) 

lU 

58J 

8,2 

10 n (1852-18!)!) . 

13*^ 

58] 

10^ 

4!)th season (18!)I) . 


5!)^ 

7.1; 


It is interesting to notice the comparatively slight 
decrease which has taken place in the yield ol wheat 
dining these fifty years. With such wide variations, 
due to season, it is extremely dillicult, as Sir J. Ihiiiry 
flilbert has pointed out, to estimate rate of decline 
due to exhaustion. Excluding the very liad seasons. 
Ibis may be reckoned at from one-fourth to one-third 
a bushel per acre per annum, Th(^ rdiuii of the 
first qjear is 15 hushds, while the yield of the forty-ninth 
mson is 9| hushek The average of the returns 



TIIK ROTIIAAISTED EXPERIMENTS. 


50 1 


obtained tliese lifty years is really in ear.s.s 

of the avmifjc yield of the prindped vj/iml-prodiniiiy 
courdnes in the world. This is indy a most astounding 
result. 

Tlie next experiments we shall describe are those 
on tlie inll lienee of farmyard manure on tlu; wheat 
crop wlien grown continuously. 


per 

Uuslicls. liiisliol 

straw 

(lb.) 

(awls.) 

28 


/to 





3i;i 

34J (iO] 

325 

5 above results, 

whicli 


TAbLE IV.-WiiKAT OROWX CONTINUOUSTA' WITH FaR.MYAUI) 
Man'urk (14 tons per aiiniiin). 


8 yoars (184-1-1852) 

20 M (1852-1871) 

20 (I (1872-18!)!) 

40 „ (1852-1891) 


contain merely a selection from a very much greater 
number of experiments, that farmyard manure gives 
as good an average over tlie forty years as most 
of the artificial mixtures do. That tins is due to the 
nitrogen it contains, is strikingly illustrated liy the 
fact that mixed nuneral manures alone give less than 
half the return, and also by the fact that ammonia 
salts alone give a return twice as great as mineral 
mixiUires ; while, lastly, the mixture of mineral man- 
ures and ammonia salts gives but a slight increase 
over that obtained with ammonia salts alone. 

The remaining results, selected from a much larger 
number, need no comment, and we shall give them in 
tabular form. 



TABLE V. — Wheat growx coxtixuously with Artificial Maxures, Farmyard Maxfre, 


WHEAT KXPEUIMENT8. 


r)Gr) 



1 By the term mixed mineral manures is meant a mixture of mineral fertilisers, net including pbosiAiai 




. 1000 lb. rape-cake, 3^ cwt. superpho-spbate . 
1000 lb. rape-cake, mixed mineral manures . 
1000 lb. rape-cake, mixed mineral manures. 
I super ph<jsphate 



KXPKKIMENTS ON THE GEOWTII OF OATS. r)()7 


TAHI.E VII. 

Fa'I’kuiment.s on the Oeowtii of Oats, 7S. 



.\vi:itA<i) 

|•Klt Annkm. 


.5 VKA 

IS, iSt'iO- 

7;'. 

.MaNCIIKS I’KK AcltK I’I'.ll Annm^m. 

Dics.srd j,Maiii. 



1 Wei-ill. 

Total 

.straw. 


(pi.'intily. 

JXT 

liiislid. 



Blisliels. 

11). 

cwt. 

Uiiiiiiinurud 

200 11). sulphate potash, 100 lb. .sulphate 1 

m 

21. \ 

337 

35 

10^ 

sdilii, 100 11). .sulphate iua.i;nesia, ami / 

13,7 

•J.l < \vt. .superphosphate ot lime \ 

100 11). ammonium .salt.s 
•lOO 11). ammonium salts, 20011). sulphaleV 

17 

35,7 

28,1 



potash, 100 11). .sulphate .soda, 100 lb. 

.00 

37 

Hi 

.sulphate magne.sia, and 3') cwt. su[)er- j 
lihosphatc j 

'17i 


27i 

r».s0 11). nitrate of .soda .... 

35.1 

ooO lb. nitrate of .soda, 200 lb. sulphale'j 
poia.sh, 100 lb. .sulphate .soda, 100 lb. 1 

57 A 

3o,'j 


.sulphate magnesia, and 31. cwt. su[)er- j 
pho.sphate J 

! 




Avkuai.i; I'Kl! A 

S'NKM. 


■1 VKA US, IST l 

-78. 


liU.shclH. 

lb. 

cwt. 

Ibmuinurcd 

200 11). .sulphate potash, 100 lb. snlphati' V 

13:1 

31.i 

0 

•soda, 100 lb. sulphate magne.sia, and - 

1.3| 

Sin 

5i 

3.\ cwt. supcrpho.spliate of lime j 


Mi 

200 11). ammonium salt.s .... 
200 lb. ammonium .salts, 2001b. sulpliatcl 

281 

33.1 


potash, 100 lb. sulphate .sodTi, 100 lb. [ 

38 

:t5t 

‘io 

•sulphate magnesia, and 3^ cwt. .sui>er- j 
_^phospliate j 


lU* 


2/0 lb. nitrate of soda .... 
27.0 lb. nitrate of soda, 200 lb. sulpliate'l 

2Gi 

31 e 


potash, 100 11). sulphate soda, 100 lb. 1 
•sulphate magnesia, and 3i cwt. super- j 
phosphate J 

28.^ 

3-U 

14 






Plot. 


TUK IIOTIIAMSTKD EXrKKIMKNTS. 


TAIMjE VI II.— Experiments on 
J^'iftem t)ca!^oiis^ IS,")!; 7".' 


.STANDARD MANURES. 


Slaiidiird in.i 
(»nly. 


Farmyard niajinrc, 14 tons 

Farmyard iiiaimro, 14 ton.s, and suporpliospliaio 

Wilhont nianniT, lS4(i, and sim/c 


I Snpcrplio.sphatc, oacl/yoari snIpliaU! poiasli,' soda ami 

n)a},Mi(.‘sia, ISTO-iiO 

! Suia'rplH)8pliai(‘, oaoli year 

j SujicrpliospliaU', eacli year; snlplialo jiolasli, isTfi-dO 
; Suporphospliato, oacli jmar ; .snlpliato, pola.sh, ami 
lb. aininoninm salts, Isr.iTt'.o 
Uninannred 1S53, and sima- ; previously i.art uiiuiau'ni'ed '• 
part su]iorpliospliato 


''^^timaled to contain per .•.ml aimm nia, :n 
of eonmmiye ; and tin* mi.xlnre is c.stiinafod I,, cmiiiiiii ] o 
a uoss-dussinj, on the i)lots ol .Senes 2 from Is.-.O-C.O, were estimated to contain niiii • 

; Thocrop.s of Isr.O ami isdO failed, and were idou«hed in ; but as the m.anmo 

eiops, the averaKC produce i.s calculatod as for lifteen years* -that is, the prodiua- f 

TABLE IX.— Experiments on 
Avmffie of Si.i'lmi Seasons, 


.STANDARD MANURE.S, 


.Standard mamir 
only. 


Farmyard manure, 14 tons 

farmyard manure, 14 ton.«, and 3] cwt. .superphosphate' 
Without manure, l.S4d, and since . . ^ 

hOO Ib. snli)hat.c of potasli’, ami 
400 11). mixed mineral manure .... 

3J cwt. .superphosphate . . . i ' ’ 

U cwt. super] .hosp.hate, and 500 11.. 'sul}.hato of potash' 
evvt suporidiosphate. 500 lb. sulphate of potash, and 
.E'i 11). ammonium salts . 



(IN i:()OT cKor.s: Swedish tdtinips— man(:el-wui:zel. * 5(10 


Hoot Croi’S -Swkdish TuR^Ml>s. 

limits and Loaves eaited oirtlu* Land. 


SiauKs 2. 

Sr.niKs ;{. 

Si'.nirs'l. ! 


Snii 1 1 .s .0. 


'-i:iiiil:inl luamircs, 

Slainlanl 

iiijinirrs, 

SI a lid. ml 

iiiiiimn s, 

stand. nd loaiiiii 


l!,l 1 i..,s-(l|'rssiMl with — 

anil ci'isa ili 

'■ssi'il wiili 

aii'l nos. iii 

•.SM'd will! - 

lid 1 

dl. s-.l-d ) 

nil 

V'’:trs, IKVii-lid, 

r» vi'ui's 

is,->r,-iiii, 

5 vr;irs 

ih:.i;-i;n, 


M'MS, IS.tD Id 


:'<ioi Ih, sawdiiHt, aii'l 

'.Mill III. aniiiioitiuni 

■JiKi 111. ainiiiiiidiiiii '-all.-;, 


II) III. saudii' 

. 

:!■> Ih. llill ir ai'iil. 

salta. 

and dnnn II 

. sawinsi, 1 




hi wars, lKr,I-7(i, 

1(1 voars 

lsi;i-7n. 

In vi-ars 

isi'd 7n, 

m 

wars. lsi;i.7i 


h.'o 111. iiitfat'i s'l'la. 

■I'Mi 111. aiiiiiiiiiiiiiiii sails. 

inn II) anm 

minni sails, ' 

‘JiH 

1 11), !.I|m lak 





and -Jiinn 11 

raiioiaki-, 1 




10" 'Is. Leaves. 

K'tols. 

Leaves. 

Roofs. 

Leaves, i 

1 

Ro 

ifs. Li'avi'S. 

> ' wt. 1 Tdiia, I'wl. 

Tons. owl. 

Tons, cwt. 

Ti'lis, rwt. 

Ton.-j. ( Wi. ' 

runs 

.Ml, > T-ni.. 

.■Ml 

7 0 1 1 2 

8 S 

1 4 

s in 

1 !i 

s 

(1 ' 1 

4 

7 1:5 ; 1 ;j 

S b 

1 a 

.S 11 

1 0 ; 

7 

n; i 1 

2 

U 10 1 0 4 

0 13 

0 3 

;{ n 

{) 14 , 


s U 

1:1 

7 0 ' 0 10 

4 12 

0 14 

1; 1 2 

1 7, ' 


8 ' 0 

17 

1 l.'i : 0 18 

111 

0 ir> 

i Hi 

1 7 ; 

.0 

0 1 (1 

10 

1 11 : 0 11 

4 T) 

0 1.3 

1) 0 

1 “ ; 


.3 i 0 

10 

1 1:1 0 M 

4 12 

0 n 

(■) 17) 

1 4 ; 

r. 

0 ' 0 

17 

1 13 ! 0 5 

‘ 1 2 

! "'> 

.3 10 

0 18 


14 ' 0 

10 


wi;0i‘ 'll' aniiiionia 07 i>i“r cent. Aiiiiii'iiiiiiiM sall-i, in ca<-li caso, (''(ii.il paiis siil]i]ial,(‘ 
’■‘i •■niiiiioiiiii. TIk; SOS lb. iiilric' aci'l (sp. pr. I.:;’') iiiixcl willi saudu.-t, ami iiMd as 
>1-50 111 . auiinoiiiii. 

a]i]ili(.'rl, and tliovo would bo aooiiiiinlaliou witbin thr soil for tlo' siircii 'linp 
fliirtcon years is, in each case, divided by la. 

MANdEL-WuRZEL. 


*'^l;Uiiires per Acre per Anmiin. 


iSKRII’S 2. 

h'-'iidanl niannr.'.s, 
"•"ss-do-ss.-d will, 

' ‘ > '■ inlrato of .soda. 

Skrik.s 3. 

Sfaii.lanl inannrc.s, 
and ( T.iss drcss.'.l m itli 
•lull 111. aiiinioninni salt i. 

Skrirs 4. 

Stan.lard niannr.--;. 
an.l cross-.Irc.sv.t willi 
'..'non 11). rape l akc, an.l 
liKi 11). ainnionimn salt.'-'. 

.ScitiK.-i Ft. 

Slandaiil , 

L'lKHi II). rail.' cat;.', 

Hoots, 

Leavi'.s. 

Roots. 

Leaves. 

Roots. 

I weaves. 

Roots. 

L»aves. 

■7aw owt. 

Tnns. cwt. 

T.nis. cwl. 

Tons. cwt. 

Tons. .'Mt. 

T..ns. . Ml- 

Tons. rwt. 

T./ns, . Ml. 

32 n 

4 2 

22 3 

5 7 

21 11 

0 1 

23 7 

4 *0 

33 12 

4 14 

21 S 

F) 6 

23 12 

0 1 

2.3 1 

4 0 

1,3 7 

3 4 

6 14 

2 IS 

10 11 

.3 17 

11 2 

3 0 

12 17 

3 15 

1(5 2 

3 0 

24 IS 

.5 7 

20 4 

3 0 

1.3 

3 5 

.8 10 

3 1 

11 7 

4 2 

12 3 

.3 2 

b5 15 

1 

2 IS 

11 6 

2 10 

21 6 

5 7 

111 14 

2 17) 

I b) 0 

3 1 

16 3 

3 0 

21 0 

5 0 

; 17 10 

! .3 .3 





"A1>LK XI. — ITxpkuimkxts 





•0 lb. nitrate of soda, 3^ cwt. .superphosphate, 300 lb. 
sulphate of potash, and 200 lb. mixed mineral 
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AliUAI M suits, •l-il. 

.\liMir]i| ivc, ]i(»\vt‘i- of soils lor waU'i', 

•i7, '.IS ; liow to iiK'i’casc, 71. 

Ariility in soils iiculralisoil liy liiiio, , 
1A8/ 

Acids li.xisl by soil, 58. 

Ailaiiiolz on orjj,'iiiiis)iis in soil, 02, 

Ailnltiiriition nfoiiano, ;)lS-:{20. 

AlVica, j^nauo from, 208, d28. 

Ayricidlural clicinisti'y, liistorical in- 
troduction to, d-i)l ; liit'liiLj’s rc- ' 
-candies on, 28-82 ; Lidug's services ' 
to, 81. _ I 

Avjianioiny, 58. 

Air, ainnuniia in, 48, 118; nitrates 
in, 118; nitrites in, 118; nitro;^nm 
in, 118 ; organic nitroomi in, 118. i 

Aitkeii, Dr, e.xjicriincnts with basic : 
->lay, 418— with beans, 528, 580 ; on j 
:^''nn-life in bones, 888 ; on inannr- ; 
iiig of tnrniiis, 515, 

Albert, Heinrieli, on soluldlity of : 
'■.isic slag, 400. 

Albite, composition of, 103. j 

AlbiiiiiiiKites, 480. ! 

All.uminoids, in idaiits, 401 ; of milk, 1 
nilrilicatioii in, 182; idiosphoriis 
in, 205. ; 

Algerian idiosphate, 370. 

Algoa Bay, guano dejmsits at, -328. ! 

Alkalies, in eow-dnng, 228, 227 cow- ! 
nrine, 230— horse-dung, 228, 227-- ! 
horse-urine, 230 — pig-dung, 228, ; 

— idg-iirine, 230— slieep-diing, i 
228, 227— sheep-nrinc, 230. | 

Alkydinity necessary for iiitrification, 


Alumina, in ash (d' plants, 55; eom- 
)iouni|s, reversion eanseil by, 888, 
lOi* ; salts, in aaliiii's, 8^15. 

America, \ irgin soils of, 188. 

American farming, 88. 

Amides, 501. 

Amimniia, absorbed by soil, 81 ; 
aimtnnf dissolved in rain, 40 ; 
ainoniit in air, 18; amount in soil, 
127 ; amount supplied to soil by 
rain, 155; convcrtcil into nitrates 
in soil, 50 ; converted into idtrons 
acid, 187 ; lixc'i by soil, 58 ; from 
dcconijiosition of furmyai'd manure, 
258; freiii gas-works, 858; lost in 
mixing manures, 5:5:5 ; relation (d', 
to plants, 18-5(1; salts, most easily 
idtrilialilc, lOl ; salts (if, in farm- 
yard maimre, 257 ; sulphate of, 
8.52-858; valm; of, as a manure, 

8;i2. 

Aminoiiinm chloride iii (diinelia 
giiaiio, 805. 

Ammoniiim-magncsinm plios]iliate in 
Chiiudia guano, 805, 

Ammonium oxalate in eonerelionary 
nodules, 328. 

Ammonium pliospliate, in (^hiiieha 
guano, 305 ; in eoneretionary nod- 
ules, .328. 

Ammonium suljiliate, :552 - 358 4 in 
rhineha guano, 305 ; in eonere- 
lionary nodules, 328. 

Ammmiium suli>hoeyanate, 35.5. 

Ammonium ur.ate in concretionary 
nodules, 328. 

Amphibole, [lotash in, 220. 
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Analysis, of iiiaiupfcs, 539-^51 ; of 
soils, value of, DO. 

Aiulcrsoii, Dr, analyses of minerals 
liy, 103, l()r)-]()7; on niln\ya‘n in 
soil, 1 01, 121. 

An^ainios, }^Miano IVoin, 301, 32!>. 
Animals, jtlieisjiliorie aeid in, oyf, j 
potash ill, 20r>; solid excreta ot, 
‘224 ; m ine ol', 228. 

A]>atite, Canadian, ‘201, 374; eoin- 
]H)sit.ion of, ‘210 ; most ahnndant 
form of phosphoric aeid, 200 ; 
varieties of, 200. 

Apiplieation of manures, 474-402. 
Arabian coast, },Mianode.|H)sitson, 328. 
Arable soil, ahsori>tiv(' ]>o\ver of, 08. 
Ai'hrolilos Island ^uano, 300. 

Areiidt, exjierimeids on oats by, ,003. 
Aristotelian doctrine of chemical ele- 
ments, 4. 

Artilieial soil, .Al. 

Aruba ]ihos]»hate, 308, 328, 370. 

Ash, constituents of plants, .'‘)3-.^).^» ; 
of rye, ]ihos}>horie. aeid in, 204; of 
■wheat, ]»hos}»horic acid in, 201 ; of 
larmyard manure, composition ol, 
287, ‘288. 

A.shcs, an adidterant of •^uano, 310; 

mixed with manures, 032. 

Asia, ^Miano from, 208. 

Asjiaragin, nitrilication in, 182. 
Atacama, nitrate of soda <le)>osits at, 
342. 

Atmosphere, ammonia in, 48, 81 ; 

relation of, to plants, 3th 
Atwater on nitrogen in plants, 44. 
Augite, 100. 

Australia, guano from, 208 ; virgin 
soils of, 133, 

Aveiiiiic in oat.s, 003. 

Aves giiano, 300, 328 ; idiosphorie 
aeid in, 330. 

Hacilli, 04. 

Bacon, f Lord, on .salt as a nianiire, 
460. 

Bacteria,* in soil, 02; dillerent classes 
of, 03-06. 

Baker tshind gnano, 300, 328 ; phos- 
jilioric acid in, 330. 

Ballestas, guano from, 302, 327 ; 
nitrogen in, 320 ; idiosphorie acid 
in, 329. 

Barilla, potash in, 4‘20. 


Barley, farmyard maiiure iiol uii.d 
lor, 407; fertilising ingi'eilii-iil ^ |. - 
iiioved j'rom soil liy, ISfi ; inaniiti ;! 
eonstitnenls in, 282 ; mamirm ■ i,i. 
49.0,408; nitrogen I’emovcl in V imi, 
of, ^140; N()i'ft)llc e\|.ei'i!iiciils 
407; period of gi'oAvtli ol', I'.i,' ; 
period of ripening (if, 400 ; i;ni!i 
amsted expca’inients on growth ot, 
066; .soils suited for, ili6; iiiiiiuini 
manuring of, 407. 

Barley soils, amount of nitiali s .uni 
nitrogen in, 1.08. 

Barley - si raw, eom]>osilion ol', 2'8: 

niantirial eonsiitueiits in, 282. 
Basalt, ]diospliorie acid in, 202, 2bt. 
Bases fixed hy soil, .08. 
Basic-ammonium ]dios])hate in ici.- 
cretionary nodules, 328« 

Basic process of steel-smeltiiii', 100, 
Basie, silicates, 103. 

Basi(> slag, 401-417 ; after-ell'i'cls ol, 
412; a})}dieatio]i of, nu'lheil ol, 
416— rate, of, 41.1; eonpiarcil witli 
other manures, 410-414; ('oiiii"'-i- 
tion of, 404, 417 ; DarmstaOl r\- 
jierimenls with, 410: di.seovcry d 
value of, 403; mannl'a,elure of. 00: 
jtrep.'iration of, processes for. 0'*': 
relative activity of, 411 ; soils led 
suited for, 414; soluhilily ol'. 4iis : 
Wagner’s experiments witli, I''-- 

413. 

Bat gnano, 320, 32.0 ; nitrogen in, 0-.’: 

idiosphorie, acid iu, 320. 

Beans, fcrtilfsing ingredients reiiiovi d 
from soil hy, 480; good elhel yi 
gypsum on, 526 ; manurial con.diy 
nents in, 282; manuring of .'-0 
527; ]diosidiorus in, 205; rclabV’' 
value of manurial ingredients i-n 
526; .souree of nitrogen, lO-'!. 
Bean-straw, manurial coustitueii1> ni, 
282. 

Beabsoii, General, expcrimciit.s ef. 
with IVruvian guano, 301. 

Beddington meadows, irrigation at. 

432. 

Bedfordshire, coprolites from, 3( b 
Belgian phos]d)ate, 377. 

Bcrthelot on .sources of plantmt’"- 
d2. 

Biological }no])erties of soil, 

Blood corpuscles, potash in, -15 
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(lrii.M], 424; coniposilion of, 
421; iii:unirc for stio;u‘-c:iiie, 425; 
jHitasli ill, 217, 210; rato of iiitrili- 
laiioii ill, 192; source of nitroK‘“ii, 
l.VJ ; suited for liorticultiirc, 425. 
Itlieiiiia, |ilios|)l)oric acid removed 
li'oiii, 20ll. 

Itilivi:t, jj;!!;!!!!) deposits at, 327. 

Ilellaei't oil nitrate deposits, 333. 
Iloiie-iisli, 3()9 ; composition of, 372. 
Ileiie-lilaek, 3f)9 ; composition of, 372. 
Heiiu'-eliar, 3t!9 ; composition of, 372. 
I''"iie-diist, 390. 

K"iie meal, 361, 364; eonpiosition of, 
oil ; condition of nitro^am in, 540. 
Iloiie-])liospliate, 3H5. 

359-372 ; action of, 365; lioiled, 
361 ; l)ruised, 361 ; capalde of iii- 
Irilieatioii, 182 ; collected in llrit- 

aiii, 3.53, 362 ; comi>osition of, 362, 
371 ; comiioiiiid, 372 ; crops suited 
lor, 368 ; dissolved, 368, 371 ; early 
use of, 359 ; fermentation of, 361 ; 
lloated, 365 ; forms of, 360 : ;;;riiid- 
iiig of, 365 ; im}iorts of, 151 ; iii- 
orgaiiic mattm' in, 363 ; nitroj^mi 
in, 151 ; organic matter in, 363; 
]iutrelaction of, 365, 366; raw, 
361 ; source of nitrogen, 151 ; treat- 
iiiciit of, 364. 

lloiinet, Charles, discovery of source 
of jdaiit's carbon liy, 11, 
boracic acid in snliiiiis, 335. 
liordeaux ]iliospliate, 379. 
boiissingaiilt, on dry matter in horse- 
manure, 243 ; early researches of, 
in agricultural chemistry, 21 ; ex- 
I'eiinieiits by, on iiitrifiealioii, 185, 
198 ; oil excrements of pig, 2.50 ; 
on nitrates in guano, 304 ; on ni- 
h'ogen in plants, 41, 42; on nitrogen 
ill soil, 124 ; on nitrogen inexerela, 
234 ; on nitrogen lost during fer- 
mentation, 2l5, 

bliai ken-fern, analyses of, 283 ; as 
/‘liter, 211. 

bi'iii, mannrial constituents in, 282. 
t'l’i t Schneider on sources of ]»hint- 
iiilrogen, 42. 

bnovers’ grain inamirial constituents 
^ 'll, 282. 

jji'^'iniiie in ash of plants, 55. 
browse Island guano, 309, 328 ; plios- 
imoric. acid in, 330. 


Jiriistlcin .and iVters on lixatiou ('f 
bas(‘s and acids by .soil, 59. 

Duckland, Dr, discovery of coprolites 
by, 373. 

Diickwhcat absorbs ammonia, 352. 

Dull Diver, idiosidiatcs from, 376. 

('al)bagcs, bcnclilvd by saline man- 
ures, 529 ; m.aimring of, 528-529 ; 
soils suited for, 52!k 

Caird, Sir James, experiments by, 
with iVrnviiUi guano, 301. 

C.alcareons earth, al»sorplive ]»owcr of, 
its ; .Spines, jihosphorie acid in, 
211 . 

Calcium phosjihatc in Chiiicha guano, 
.305. 

Calcium sulphate in concretionary 
nodules, 328. 

Odichc, composition of, 342 ; occur- 
lamce of, 341. 

California, guano deposits at, 328.^ 

( 'am bridge, shire, coprolites from, 373. 

Cameron, Sir Charles, on assimilation 
of urea by jdants, 46. 

Canadian aj»atitc, 201, 374. 

tsi])e Vert guano, jdiosphoric acid in, 
330. 

Carliolic .acid, action of, on nitrifying 
organisms, 177. 

Carbon, fixation of, by ]ilants, 37 ; 
in idants, discovery of source of, 
11 . 

Carbon bi.suliOiide, ell'ect of, on iiitri- 
(ieation, 166, 176. 

C.arbonate of ammonia formed in 
fermentation of dung, 217, 2.58. 

Carlionic acid, absorbed by idants, 12 
—by soil, 81 ; in asli of plants, 55 ; 
oxidation of, by bacteria, 95 ; pro- 
duced in deconi])osition of farm- 
yard manure, 258. 

Carbonising- works, ammonia from, 
353, 358. 

Carburetted liydrogen, ]irodiiiped in 
decomposition of farmyard iiianurc, 
2.58. 

Caribbean phospbates, 379. 

(Jarn.allite, 420. 

Caroliii.'i phosphate, 376. 

Carrots, inanuriar coiisUtuents in, 
282. 

Catacombs, bones from, 360. 

Cateh-cropjiiiig, 138, 489. 
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('.■iltlc I'ooils, avt*r:i”C «‘()iiii)Ositi(»ii ol', 

Tif)/. 

Caiislic liiur, If):}. 

(Vicals, iiiamiriii’ 4 ' of, l!K{-ri()l; iii- 
tro^aaioiis niantiia-s liriirlil., HM ; 
jxilasli in, ‘J17 ; silicalts alisiirlxal 
iiy, l!M ; value of nili-ale of soila 
as inaniiia' I'or, 

riialk, an aUullerant of .^uaiio, ;U1) ; 

lias, uliosplioric. aeiil in, 211. 
('liai'ccial, a lill.i'r fur se\va,!;'e, -1^17. 
(Miarlestoii plntspliate, 270. 

( 'lieiiiieal analysis of inannnss, in- 
terpi'etatiou ol, n.'l!) ; value of, n.’i'.*. 
1 'lieiiiieal composition olsoil, 87-ll’2. 

( 'liesliire, hones iisetl in, •!(i0. 
Cliesteilield Island i,oiano, 20|1. 

(.'Idli and r('rii. eliiel soiivee of nitrate 
olsoda-, 102. 

Cliinelia Island ,:.^nano, .‘102, o02, 227 ; 
eoniposition ol, dOn ; nilroir'eii in, 
22!) ; jihuspli{)i'ie acid in, 221). 
Cliipana, oiiano de]iosits at, 227. 
(.'lilorapatite, eoniposition ol, 210. 
ddorine in ash ol plants, rio, 
(.'Idorolorm ]»revents nitrilioation, 
100, 170. 

(.'ldor()[iIiyll, ori^anisnis destitute' ol', 
It)!); prodneeii Oy nitrate olsoda, 
217 ; relation ol, to ti.xation ol 
earlion by iilants, 27. 

Cliuea, 2-11.' 

Citrate ol .annnoni.a, solubility ol 
phosphates in, 108. 

Clay, .absorptive power of, OS; anal- 
j'sis ol, 107 ; evaporation ol 

water from, DO ; loamy, (‘vaporatiou 
ol watcT I'rom, !)!) ; sandy, aljsorp- 
tive [xjwer of, 98 — evaporation ol 
water Irom, 99 ; soils, beiielitetl liy 
basic slai;, ti l ])nddlin;'' in, lo.a ; 
stiltish, evaporation ol water Ironi, 
99 ; strong al.)sorptive power ol, 
98. 

Clover-hay, fertilising ingredients re- 
moved from soil by, 180 ; mannrial 
constituents in, 282; manuring ol, 
1 ) 22 . 

Clover-sickness, .022. 

Coal, nitrogen in, 2,02. 

Coke-works, aninuTnia from, 352, 358. 
Colloids, 491. 

Colour ol soil, SO; ditferenee in tem- 
perature due to, SO. 


Columbia, guano dejtosits at, •’.■Jf, 

Composts, I b2, 415-118; |;iiiii\: r/ 
manure* a t v pical, 1 10 ; ni:,i.i;t: 
tnre of, 1 15 : object of, I 15 ; 
|M)ses served by, 115; subaenr, 
list'd lor, 417. 

Compound bones, 272. 

Concretionary nodules, eompoaiiH . 
ol, 228, 

Conglomerate, 2 11. 

Conrieetitmt, experimeiil.al slalion ,s,‘ 

Cooke, 1', .1., on, larmyard main:;' . 
272, 277 ; held experiment,-.. 51" : 
manuring ol barley, 1!)7— ol la . ■ 
gels, 5M -ol iiieailow-land, 5c',i 
olsweiles, 514 ol wheat, 501. 

Cop]*er, o.xide ol, in iilaiits, 55. 

Copperas, as a lixer, 24tl, 217. 

Coprolites, 272; percentage ol ]ila' 
phales in, 201 ; oceurrenee of, -hi. 

272. 

Coreovado guano, nitrogen in, "rjl' : 
phosjihorie aei(( in, 229. 

Cordilleras, 210, 211. 

Costra, 241. 

Cotbm - eak(‘, deeorlieaied, maiiiii i s 
eonstitueiits in, 282. 

Cotlon-eake, undeeorl ieated, niainti i i 
eonstitueiits in, 282. 

Cotton-seeds, im]iorts of, 152. 

Cova, 241. 

Covered manure, 'potatoes grown wit!:. 
289 ; wheat grown with, 28!). 

Cow-dung, alkalies in, 220; er)ii.- 

j)Ositiou ol, in dry state, 227 ; !• 

225; nitrogen in, 220; p]ios[)hiHi 
acid in, 220 ; water in, 220. 

Cow-inamire, 247 ; amount voided p i 
day, 248 ; amount voided per vein'. 
248 ; analysis ol, 2.80 ; dry nmlfci 
ill, 248 ; iermeiitation in, 

248 ; mineral matter in, 248 ; nni. : 
laginoiis nndter in, 248; niti'cyai: 
in, 218 ; resinous matter in, 21,''. 

Cow-iirine, alkalies in, 2150 ; eoinii"''' 
tioii of, in dry .state, 221 ; lertib-i';- 
ingredients in, lor looil cnnsiinc i. 
222; nitrogen in, 230; pliosi'h 'O 
acid in, 230 ; water in, 220. 

Cow.s, percentage ol food voided i>: 
exeremeiits of, 2§1 ; .soli<l exci'^'' 
nients of, 280; urine voided "}• 
280. 
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I 'iv,s, c^\])^riln('ll{s witli, 11. 

I I 1)(-)1U‘S IVniu, oliO. 

soils, iiiti'iites in, ir»7 lost 
liv in, 1 11. 

< in|is, caiiarity of, I'uv assimilating 
iiKUiincs, ISf) ; (lilirrciHa- in voot- 
sysli'iiis nf, -isS : maiiiiriny of com- 
nmii lai'iii, 1',*:) - o.’K) ; )it rio(l of 
aT'i\\ lli dl', 4M) ; jiofasli i'ciiiovimI 
ill, ‘JlS; snili'd for scAvayn*, ■Jill; 
\Mliatinii ill ('Oiiiposilioil of, 41*0. 
''I'l-.iiis (111 [ili(is|i]mri(' a.ri'l romovdil 
ti'diii tim I'anii, itOf. 

* 'i 'ist loiaiios, :l()S, :'>70. 
iVxxtalloids, lid. 

'dimyio jiliosiihatrs, 'M, 3d0, djll 

I'lriiidadt t‘\i(i.-riiimii1s with ha.'iic 
day, 410-41:!. 

I >:o win oil oriyin ot'nitraln-jit.’hls, tl'l.h, 
l'iinl.(aiy on mineral smirees of jihos- 
I'liorie aciil, liOo. 

1 lavy, Sir 1 1 iim]iliry, leetnn-s of, on 
ayrienllnral ehemistry, 17-Id; on 
heat ;nii| water ahsiirliiny ami re- 
lainim.' ](ro)»ei1ies of soils, f>7 ; on 
liyirriW(;o)iie jiower of soils, '.<!*. 
nehei'aiii. oil iiit rilieat ion, od ; on 
nilriliealion in Mil]ihatt.- of am- 
monia, lid ; on I’ate of nitrilication. 
ISt). 

I teiiil ritieatioii. 177; eonditions fav- 
Oliralile loi', 17i^ ; elheeteil hy hae- 
teria, 17S. 

I 'erhy, I.ord, in irodnetioii of I’eruviaii 
yiiano liy, ;30l. 

I ’et niei' on hnmns in soil, 47. 
l>ew, aelion of, on yiiano, dOO ; e.\- 
I'hination of, 77 ; most al»iiiidaiit 
in Slimmer, 78 . 

Idealeie ]ihos])haie, d(^7 ; formula of, 
ddS ; molecular composition (»f, 
■’’dS ; ])erceiitam! com]»osition of, 
dltS. 

Ihyhy, Sir Keiiidm, on value of 
nitrates to plants, 45; tlieory of, 
on })1 ant-food, (1-8. 

Ihorite, phospliorie acid in, 202, 211. 
liji'ect manures, 11:3. 

Inssolved-bone compound, 372. 
Dissolved Itones, 308 ; comiiosition 
of, :371. 

Dissolved guano, 310. 

Dolerite, phosphoric acid in, 202, 211. 


Dolomite, phosphoi'ie aeiil in, 2o2, 

211 . 

Jtowntoii experiments on sewace 
sludge, -i;;!). 

Drainage, average (>1' thirteen yeais, 
DiO; nitrates in, liJO; niliatcs lod. 
hy, IK); phosphoric acid lost hy, 
2()ii : [lolash lo-l IfV, 21 7. 

Drainings of mamiiv Imap'S aiialv'is 
of. 200. 

Dric(l lihaod. 421 ; eompo-it imi of, 
121; m.innre foi- siig.ir-cane, 42.3; 
pot.'i'di ill, 21!) ; rale of nil rificat imi 
ill, 102; soiiiee of iiilidgeii, 1.32; 
siiiteil lor hortienllure, 42.3. 

Dried llesli, 425; nitrogen in, 125. 

Dried leaves, as litter, 212 : oompo- 
sition of, 212; nitrogen in, 212; 
pliosphorie acid in, 212; potadi in. 

Ducks' (lung, all,alysi^ of, Odd. 

Duhamel and Hales, theory of, on 
plaiif-growth, 

Diimloiiald, Marl, treatise hy, onagri- 
eiiltnrid ( heiiii try, 

Dung ami urine, eompo.-dtion of, 

l)nlroehel on ah.or]itioii of plaiii- 
foo(l, .35. 

Dyer, I tr Dxunard, arndy-c-; of ; tahh' 
manure hy, 2.^:1 ; experiments on 
peat as litter, 2l<); on nitrate of 
■soda . 1 -. maiiui'e foi' maigmlds, 310. 

Harth, an a'lulh-rant of gnaim, 310; 
eompositioii <)f solid eiaist of, 1()2. 

Heuador, gmuio deposits at, 327. 

Egyptian giiam), nitrogen in, 329; 
]ihos]iliorie iieid in, 32'.,). 

Kliie, wiiteu's of, phosphoric acid in, 
20(5 ; potash in, 217. 

KIm-tree, Av.ater transpired liy, 71. 

Enderhiiry Islaml guano, 300, 328 ; 
]»liospliorie acid in, 328. 

Eiidosmosis, 55. 

English farming, 8)3. 

E<|naliscil guano, 311. 

Essex, coprolitcs from, 371. 

Estrciiiadiira phospliate, .375. * 

Ethylaminc, uitritieation in, 182. 
Evaporation from soil, 71, 72, 98. 

Excreta, amount of nitrogen hi, 149, 

I 292; eomposition of, 22)), 292; dif- 
1 ference in amount of, for food con- 

0 
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suin(‘<I, 279 ; liquid, in larniynrd 
iiiaiiuro, 221 ; solid, in I'arniyanl 
manure', 22'1 ; solid, nmligestud 
food in, 221 ; solid, voided Ity cows, 
280, 292 : solid, voideil I»y horse, 
292; solid, voided hv oxen, 280; 
solhl, voided by sheej;, 280, 292. 

factors I'or ealeiilating nianurial in- 
^ovdients into llieir <lillerent coin- 
jionnds, 55S. 

Talkland ^mano, JIOS ; nitrogen in, 
,‘JdO ; pliosjihorie acid in, 330. 

t'allowdhdds, nitrates foriued in, 188. 

Fanning island guano, 328 ; jilios- 
])liorie avid in, 330. 

Farmyard manure, 223-292 ; aetion 
of, on soils, 273 ; ammonia in, 258; 
amount produeed on farm [ter year, 
252; analyses of, 259, 280; aiqdi- 
eation of,' 2(M ; asli of, 287, 288 ; 
earl ionic aeid gas in, 2,58; ela.sses 
of eonsiituents of, 22-1 ; eomiiared 
evith artitieials, 470; eojuiiosition 
of, 259 ; deiiitritication in, 179 ; 
deittli to ]iloiigli to, 207 ; clfeet of, 
on potatoes, .520 ; fertilising matter 
in, 270; lin'-fang in, 1204 ; fi’esh, 
I'onpiosition of, 280, 288 ; fnnetions 
ol', 208 ; lusit in I'erinenlalion of, 
78, 253 ; liuniates in, 259 ; liiinde 
acid in, 258; inadeeinate source of 
nitrogen to .soil, 271 ; indirect in- 
lluence of, 273 ; inllnenee of, on 
soil, 475; Lawes, Hir John, on 
eomiiosition of, 291 ; Lord Kin- 
naird’s ex'i'crijiients with, 289 ; 
marsh-gas in, 258 ; mineral matter 
in, 200; moLsture, in, 200; nitric 
aeid in, 259 ; nitrogen in, 200 ; 
ratio of, to ash ingredients, 271 ; 
organic matter in, 260 ; ]4ios}dior- 
etted hydrogen in, 258 ; phosphoric 
aeid in, 200; potash in, 200; pro- 
ducts of decomposition of, 257 ; 
rate of application of, 275 ; re- 
trogression of nitrogen in, 142 ; 
rotten, composition of, 287, 288 — 
vahn: of, 261 ; rotting, eflects of, on, 
262 ; solid e.xereta in, 224 ; sul- 
phuretted hydrogen in, 258-; sup- 
plemented with nitrogen, 271 ; 
supiilemented ^vuth iihosphoric acid, 
272 ; temperature, cllect of, on soil, 


79, 274; tyiiical enmiie^, Ihi: 
ulmates in, 259 ; nliuie m id n. 
258; nnfavonrahle to I'crtain enp-, 
177 ; urine in, 228 ; value of, 2ds ; 
v.'iriation in composition of, ; 
water in, 258. 

Fatty acids in guano, 30.0. 

Felspars, 103; alhite, 103; (onijii a 
lion of, 103; lahradorite, d’d' ; 
oligoclase, 103, 214, 220; eirtlm 
cla.se, 103, 214, 220; plies, Pmi. 
aeid in, 211 ; jiotash manures, 2F;: 
potash ill, jiereentage of, 213, 'Jitj. 

Fmaneiit, aeroliie, 173, 255; amiemMi . 
255. 

Fernieiitatioii, ammonium e;irlNH!:it: 
formed during, 245; in lims . 
36.5; heat of, 79; of farm mu 
manure, 253 ; of guano, 29fi ; tii ■ 
perature of, 256, 

Fern, hraehen, as litter, 211. 

Ferric cldorhle, test lor .siiliilioeyai!- 
ales, 35.5. 

Ferti]i.ser.sainl FeedingStnIl's Act. 5 Id 

Fertilising ingi-edients, amoimT i t 
soliiMc, in soil, 90; iimomits u- 
nioved hy dill'erent crops, 481, L'c : 
ehemical condition of, in soil, 89 t 
lodg(‘ in .seed, 41d ; in soil, 87. 

Fertility, of the .soil, 65-97 ; I’nl' ' - 
tial, of soil, 214, 519; jinpmlii - 
necessary for, 66; supply of I'.qv- 
gen necessary foiv. 81 . 

Field experiments, 515, ,518; edm i- 
tional valiu' of, 547 ; on ratr "t 
nitrith'alion, 187. 

Finger-and-toc ])revented Fv liui's 

461 . 

Fire-fang in farmyard manure, 2t! 1. 

Fi.seher on absorption of jdant-li'OiF 

.55. 

Fi.sh-gu.ano, 320-323; appliealimi ■ - 
32-3'; consumption ntj 152; mm:! - 
facture of, 321 ; nitrogen in, 9-^ • 
phosphoric acid in, 321 ; produe1i"i' 
of, 322 ; source of nitrogen, lod : 
value of, 322, , ^ 

Fixers, 216 ; ehemical reactions wit • 
284. 

Fleece, pota.sh in, 217. 

Fleischer, Professor, on solubilit}' 
phensphates, 408. 

Flesh-guano,' 320. 

Flint island guano, 309. 
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Flitchaiii (.■x[icriiiR‘iit.'. on growth of 
wheat, 500. 

Floated hones, oiji, dG5. 

Florida ]ilios}iliat.e, d/.s. 

Fluora]iatite. eo!HjK)sitioii of, 210. 
Food, eoiisuiiie(l hy ]>igs, 281 ; dry 
matter of, \(dded in dung, 228; 
peiventagv of, in excrements, 281. 
Food-eon st it uenls, )ilant, necessary 
toi' intritieation, 170. 

Fnihes, David, on nitrate - lields of 
ridii, d;ii. 

Foiest-soils, ahsence of nitritieation 
in, IIFJ. 

Fowl-dung. 020, 820; analysis of, 

Fowiies on jilio^idiorie acid in roeks, 

^ 202. 

Fratddand. I'. F., experinieids on 
lutilliejition, 52, IG?, li'8. 

Franklin, Dcnjaniin, experiment of, 

_ witli gyiisum, 4G2. 

Fi'ev Ikmtos, meat-meal gtiano from, 
821. 

(lallo]»agos l>lands, guano dei)osil>. 
at, o27. 

Darden earlli. ah.sorpfive ]»ower of, 

08 ; animoiii:i in. 128. 

Das-]i(pior, aiiinionia in, 858. 
(!as-woi'ks, ammonia fiom, P,5;j, 358. 
Dases, ahsorhed hy soils, 8l ; preseid. 
in soil. ](i0. » 

Gazzeri on retention hy soil of plant- 
food, 57. 

Geese-dungn analysis of, 331. 

Geic acid in Inimns, 47. 

Gelatin, nitrilication in, 182; from 
lioiies, 3G4. 

Germany, agrieiiltural rese.areli in, 
32; lioms imjiortfd from, 3G0 ; 
manulaeture of me.at-meal guano 
in, :324. 

Gerndiiation, inllnenee of lem]>erature 
on, 7G; oxygen neces.sary for, 81. 
Gilhert, 8ir J. Henry, on harley- 
manuring, 49G ; on Tdehig’s ndneral 
theory, ‘gS ; on manuring of jio- 
t.atoes, ,520 ; Preshlential address 
^ ol, G1 ; and see h.awes and Gilhert. 
tdanber on artiticial production of 
nitre, 161. 

Glue, 364. 

Glyein, assimilated hy plants, 47. 


Glyeocoll, exjierimcuts with. IG. 

Gneiss, lOG ; phosphoric acid in, 207. 

Gramlcau, Ih'ofcssor, on forms <4' 
])lant-f(K)d in soil. 107 ; on loss (d 
phosphoric acid, 207. 

Granite, 105; in guano, 30- 5 ; plios- 
phoric ackl in, 202, 211 ; potash in, 
211 . 

(ir.ass, llangor cxpcrimeids on, 508 ; 
ell'ect of manure on, 505 ; intlnenec 
of farmyard manure on, 50G ; maii- 
nring of, 504-510. 

Gray, Asa, on transpiration liy })l:uits, 
' 1 - 

Great G.‘i.yman gnano, 370. 

Green mannres, 113. 

Grouyeii on gnano, 313. 

(iuaiiape Island gnano, ,302, 327 ; 
nitrogen in, 320 ; pliosplioric acid 
ill, 320. 

Gnaidnc, .304 ; experiments with, IG. 

Gnano, 203-331 ; action of, ;is ;i imm- 
nreg 312; adulteration of, .‘tlS ; .-ip- 
pli(‘alion of, 315; h;it, 325; tdin- 
j.osition of, 305, 32‘l ; enist, 30 n ; 
dcjiosits of the world, 327 ; ilis- 
solvcd, 310; cfpiidised, 300; I'er- 
meidation of, 21t0 ; fertilising efm- 
stitneiils in, .311; tish, .320-323; 
importanee of, in ugi ieiiltiii e, 203; 
ineqn.'dUy in com[iositl(m (d', -30.0 ; 
inti lienee of, on farming, 201 ; nieat- 
me.'d, t»2l ; mode of ajiplieation of, 
3)15; intritieation in, rale of, 102; 
nitrogenous, .30U-.308 ; origin of, 
207; IVrnvian, 300 -.30G; pho.s- 
I'hatic, 308 ; (juaiitity to ajiiily, 
317; reetilied, 311; so-called, 320 ; 
.source of idiosphorie acid, 202 ; 
source of potasli, 210 ; yalne of, as 
a niannre, 20G ; vuriatirtu in com- 
position of, 209. 

Gulf of Mexico, guano deiiosits at, 
328. 

Gulls, gnano from, 207. 

Gunning on .sources of phnit-idtrogeii, 
42. 

Gnn]»owder, exiiorts of, 140 ; nitrogen 
lost in, 110; production, ^nmnal, 
of, 149 ; saltpetre in, 140, 333. 

Gyp.snm, 462-4G4 ; ahsorjdiye jiower 
of, 98 ; action of, mode of, 4G2— on 
nitrification, 173 ; an adulterant of 
guano, 319; as a fixer, 240, 247, 
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2Srt ; (leo()iu])oses doiihlc silioati's, 
46-’3 ; f:ivouniI»I(! to clover, -ItJJ ; 
;is an nxii Using agent, 404. 

Hales, Kteplien, theory ol‘, on plant- 
growth, s. 

Tfaiiijie, Dr, on nitrogtoi in plants, 10. 
Ilarting on sources of plant-nitrogen, 
42. 

Heat, of soils, 70-78; of fermenta- 
tion, 78. 

Hei(|(‘n, Dr, on ajiplication of farni- 
yanl nianure, 205; on li.vation of 
1 lasi's and aciils hy soil, ,50 ; on loss of 
aimiionia from tiling, 240; on per- 
centage of food voitleil l»y aiumals, 
258 ; on straw as litter, 211, 2Ht. 
Hellriegil, on amount of water in 
soils, 75 ; on harh'y, 498 ; on ni- 
trogen in plants, 11. 

Helmont, Van, theory of, on source 
oi' plant-l'ood, 4. 

Heiislow, Professor, on eoprolites, 

:374. 

Heraiis on organisms in soil, 05, 
Herbage, elfect of manure on, 505. 
Herrings as manure, 821. 
Hervc-.Ma.ngon, experiments on action 
of light on plants by, ;38, 
Hilgenstoek on tetracalcic jihosphate, 
4ti5. 

Iliiipuric acid, exjteriments with, 40; 

in farmyard manure, 257. 

Hire, De la, on evolution of gases by 
idants, 11. 

Hofmeister on horse excrements, 
2i;3. 

Hoof-guano, source of nitrogen, 152. 
Hoofs and horns, manure from, 425. 
Hops, manuring of, .528 ; jtotasli re- 
niovt'd by, 217 ; slow-acting man- 
ures benetit, 528. 

Horn, capable of nitrilication, 182; 
as manure, 425 ; nitrogen in, 420 ; 
jihosphoric acid in, 420. 

Hornblenilt!-, 105. 

Horse-dung, alkalies in, 226 ; com- 
positign of, in dry state, 227 ; hot, 
225 ; nitrogen in, 22.5, 220 ; phos- 
phoric acid in, 220 ; water in, 225, 
220 . 

Horse-manure, 242; amount produced 
per day, 243 ; amount produced per 
year, 243 ; analyses of, 283 ; dry 


matter in, 213 ; dry nature of, 215 ; 
fermentation ra])id in, 215 ; miiicral 
matter in, 243; nitrogen iti, 213 
211 . 

Horse-iirine, alkidies in, 230; enm- 
]>osition of, ill dry state, 23,1 ; jVi- 
tilisiiig ingreiliciits ill, 232; nitingwi 
in, 230; jihosphoric acid in, 23U ; 
water in, 230. 

Hosiuis oil assimilation of aninmuia, 
50. 

Howland I.slaiid guano. 309, 32S : 

phosjilioric acid in, 330. 
lliiauillos, guano I'rom, 302, 327 : 
nitrogen in, 330 ; phosphorii' ai jil 
in, 330. 

Iluano, 297. 

liuejipe on organisms in soil, 95. 
Hughes, .lolin, on bracken-fern a^ 
litter, 211 ; on coiiiitosition nt 
liracken, 283. 

Humates in farmyard manure, 259. 
Humboldt, A., discovery of Peruvian 
guano l»y, 300. 

Humic acid in farmyard maiitin', 
258 ; in humus, 47. ' 

Humin in liumus, 17. 

Humus, aVtsorjdive jiower of, 08, 98 ; 
cvajioratioii from, 99 ; nature of, in 
soil, 47; soils improve<l by adOi- 
tion of, 273. 

Hnoii Island guano, 309, 328; ])hos- 
idioric acid in, 33^'. 
llu.xlable and Thompson on retention 
of [ilant-food by soil, 57. 

Hydrated silicates, 107, 4.59. 
Hydrochloric acid as a fixer, 245. 
Hydrogen, amount of, in plants, 10: 

source of, in plants, 40. 

Hygroscopic power of soils, 75. 

Tchaboe guano, 307 ; nitrogen in, 
329 ; phosphoric acid in, 329. 
Independence Bay guano, 302, 327 : 
nitrogen in, 329 ; phosjihoric acid 
in, 329. 

India, nitre soils of, 102. 

Indirect manures, 113, 114, 449-473. 
lugenhousz, .John, experiments by, ou 
nitrogen in plants, 41 ; on oxygen 
evolved by plants, 12. 

Insoluble phosphate,386; value of,390. 
Iodine, in ash of plants, 55 ; in 
nitrate of soda, 340, 342, 
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l(liii(|iu‘, nitrate of soda from, 3d3. 

Iron in ash of plants, Trl ; necessary 
for plaiil-'frowth, ; i-eversion in 
sujnn’iiliosphates caused hv, 300, 
300. 

Iron-works, anininnia from, 303, 3rir», 
3o8. 

Irri<,oation, ‘^131-133; inlermiltent, 
434 ; subsoil, 432. 

Jamieson, Professor, experiments 
with eo]irolites, 3M(). 

Jarvis Island ^oiano, 300, 328 ; phos- 
phoric acid ill, 330. 

Ji'i'sey, inaniiring of ]>otatoes in, .^>21. 

Jolinsoii, Professor S. W., on appli- 
cation of superphospliate, 3>0r> ; on 
Karl Dundonald, 13; on nitropni 
in bulValo-horn shavings, 120; on 
nitrogen in .soils, 123;' on .soliil»il- 
ity of basic slag, 408; valiu* of 
organic nitrogen to plant, 10. 

Jvirgensen on nitrogen in excreta, 231. 

Kainit, as a lixer, 217; i>olash in. 
percentage of, 214. 220, 421 ; rate 
of ai>pliealion of, 423. 

Kaolin clay, analysis of, 101. 

Ivarmrodt.'analysis of Cliiiieha Islaml 
gnano, JOo ; of concretionary nod- 
ules, ;j28. 

Karnallite, jiota.sh in, 220. 

Kellner, ex pih* units on nitritication 

^ by, 52. 

Kelji, potash ill, ■420. 

Kies(‘rite, 420. 

Kinnaird, Lord, experiments by, with 
farmyartl manure, 280. 

Kitchen-garden soil, nitrogenous mat- 
ter in, 122. 

Knop on condition of nitrates in 
soil, 138. 

Koosaw Fdver, jiho.sjihates from, 37G. 

Kreatin assimilated by plants, 47. 

Kuria Miiria guano, 309, 328. 

Labrador, guano deposits at, 328. 

Labradorite, 214 ; potash in, 220. 

Lacepede Island guano, 309, 328; 
phosphoric acid in, 330. 

Lahn phosphate, 379. 

Lava, phosjihoric acid in, 202, 211. 

Lawe.s, Sir .J, D,, and (lilbert, earlv 
researches of, at Rothamsted, 31^; 


experiments with farmyard man- 
ure, 271 ; ex|ierimeiits with Per- 
uvian guano, 301 ; inangiiratioii of 
Rothamsted exjierinients by. ;i3 ; 
on composition of farmyanl man- 
ure, 291; on manuring of wheat, 
483 ; on motion of ])]anl’s sap, bii ; 
on percentage of food in excreta, 
233; on rate of nitrilicatimi, IMJ; 
on sources of ])Iaiit-nitrogeii, 13 ; 
on su]i>liate of ammonia, 3,')(1 ; on 
unexhausted manures, ,3,'i0, .hro-Ob!*. 

Lawes, I8ir J. P., experiments witli 
guano by, ;{01 ; mannl'aetiire of 
supt‘r|tlios])]iate liy, .382 ; on ap- 
I'licatioii of siijierpliosjdiate. 397) ; 
on lioiies, 37)! t ; on composition of 
tarmyard manure, 2!'I ; on farm- 
yanl manure, 177 ; on loss of ni- 
1 rates, 1 12 ; on sources of nitrogen, 
17)1. 

Leatlier, as'maimre, 128; nitrc'en 
in, 428. 

Leaves, _ dried, as litter, 212; nitro- 
gen ill, 212; ])hosi)liori(: acid in, 
212; polasli in, 212. 

Legraiige, (,'liarles, on extent of ni- 
tratc-lields, 343. 

Leguminous plants, lieiiefited l.y l)asic 
slag, 411--by potash, 7»‘23 ; lixatioii 
of free nitrogen 1)y, 42; gain of 
nitrogen with, 13.'') ; manuring of, 
7)22-027,530; nitrogenous manures 
hurtful to, 523. 

Lejimann on ammonia as plant-food, 
oO, 3;.)2. 

Leipzig, bones from, 361. 

Leones, guano <leposits at, 327. 

Leiieite, |iotash in, 220. 

Lias chalk, pliosplioric acid in, 211. 

Liebig, eritieism of Ininuis theory by, 
25; dissolved lioiies diseovereil Ijy, 
3G1 ; first report to Rritisb Assoei’ 
atiou, 24; manufacture of siiper- 
iJiosphate from bones by, 359 ; 
mineral theory of, 20^9 ; on am- 
monia as a manure, 352; on im- 
ptortation of hones by Pritain, 300 ; 
researche.s of, in agricultural chem- 
istry, 23-32; services of, to agri- 
cultural chemistry, 31 ; tlieory of 
mauures by, 29 ; theory of, ou ro- 
tation of cro|).s, 29. 

Light, action of, on i)lant-growth, 38. 
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Linic, 1 lO-ini ; iil)inul!nit oooumMU'i* 
nl', irrj ; action of, •Itil -contratlic- 
tory, tnO— not thoroiitflily niiiler- 
stond, 111)— on nilrngcnous orj^anic 
mat ter, -IdO— on soil’s texture, Ix* ; 
antiquity of, as a manure, 11!) ; 
liimlinq' elfeet of, Aitl ; liioloqieal 
aetioii of, Inl) ; (“aiistie, ir),'! ; (•Iieni- 
ieal action of, ■In/ ; ileconi])oses 
minerals, ‘InS; dilferfUit forms of, 
'In'!; elfeet of, on soils, 1 1'J ; lixed 
Ly soils, fiH ; in ash of jdants, h i ; 
nieehanical functions of, Jhh ; )i)ild, 
dhd ; necessary for nitrilieation, 
171, -Ih!) — for plant-.yrowtli, hh, 
hnO ; neutralises aei<lit.y in soils, 
IhS ; i»hosphates of, IlShdlSS ; ]>ii; 
exereinents contain, 281 ; ]U'events 
clay ]niddlinix, Iht) ; returned to 
soil, Ih'i ; soils contain, ■1.h0-lh2. 

Limestone, analyses of, lOi) ; eva])ora- 
tion of water from, !)!) ; occiirreiiee 
ol', 452. 

Linseed, imports of, 158 ; niannri.al 
constituents of, 282. 

Linseed-ea]a>, nuumrial constituents 
of, 282, 

Liquid manure, 442-444. 

Lithia in ash of }il;ints, 55. 

Litter, loam as, 2.‘5!) ; peat as, 210 ; 
straw as, 280 ; uses of. 2.‘!f). 

Lloyd on fatteniii}' anim.als, 258. 

Loam, as litter, 289 ; evai)oratioii of 
water from, 99 ; poor in fertilising 
matter, 289. 

Lot) os, ^niano de]>osits .at, 827. 

Lobos cie Afuera gu.ano, 802, 827. 

Macabi Island guano, .802, 827 ; ni- 
trogen in, 329 ; phosphoric acid in, 
329. 

Maercker, Professor, on destruction 
of niti'ifying org.anisms, 177. 

M.agnesia, fixed by soils, 58 ; in ash 
of plants, 54 ; in pig excrements, 
281 ; notessary for nitrifKaation, 
171; neee.ssary for plant - groxxdh, 
55 ; sulphate of, as a fixer, 2-16, 285. 

Maize, Absorbs ammonia, 3.52 ; fer- 
tilising ingredients removed from 
soil by, 485 ; maniirial con.stitnent.s 
in, 282 ; source of nitrogen, 153. 

Malden Island guano, 309, 328 : 
phos[)horic acid in, 830. 


M.alpigbi on im]»ortance of .'iliuo- 
spheric air for gcrminalioii, 39. 

Malt-dust, manurial constitiu'nls in, 
282. 

Manganc.se, oxide of. in asli of ilanls, 

51. 

-Mangels, hutilising in.gredients ir 
movetl from soil liy, 485 ; guano ;i 
manure for, 318; mauiirial cmi 
stitueids in, 282 : niannriug ol. 
340, 511, 513, 511; Jtotliaiii 
sted ex])eriments on growth <4. 
508. 

Manitolna soils, nifrogen in, at viirimi- 
depths, 150; rate of nitriliealion 

in, 180. 

-Ma.nure, cow, 247 ; farmyard, 228- 
292; house, 2i:!; li(pud‘, 412-111 ; 
meaning of word. 109 ; ])ig, 2.50 : 
sew.'ige, 130-111; sliee]). 251 ; stable, 
from peat-mo.ss, 283— wheat-straw, 
28 .'!. 

Mamins, action of, 01 ; analysis of, 
intcr]»retation of, .53!)-544 ajtpli 
mition of, 474-492 ; method of, 5-')l- 
.538 ; cash jirices of, 555 ; equal 
di.strilmtion of, .531 ; functions of, 
101); incrc;is(! soil - fertility, 471: 
intrinsic value of, 545; lasting 
clfects of, 183 ; metliods of valuing, 
.544 : minor artificial, 424 - 429 : 
mixing of, 531-538 ; nitrogenous. 
293 - 359; ])hosplmtic, 359 - 417: 
))ota.s.sic, 418 -423; (luantities of. 
ai>i)lied to o.-its, 501 ; unexhausti'il. 
.519-.552, .558 ; units for determining 
commerci.al value of, 551 ; valuation 
of, 539-559 ; value of, deiliiccd from 
experiments, .548 ; various ehisse'- 
of, 111-114. 

M.'inurial constituents of v.arioiis 
foods, 282. 

Manurial ingredients, unit value of. 
.544. 

Manuring of, barley, 495-498 ; beans, 
525-527, .530 ; cal)bagi‘S, 528 ; eere- 
als, 493-.504 ; clover, 524 ; coninion 
farm crops, 493-530 ; grass, 504- 
510 ; hops, 528 ; leguiniiious crops. 
522-528; mangels, .511, .513, 511: 
oats, 493-504; ))eas, 527; ]>otii- 
toes, 517-522; roots, 510-517: 
turnips, 510, 511, 513-517 ; whe.at, 
499-501. 
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^uaiio, nitrogen in, ;j;30 ; 
I'liosiiliorii- acid in, :0). 

Marl, [iliosjiiioi'ic acid in, L?ll. 

Marsh - o:is iVoin I'arnivard manure, 
1^58. 

Mcadow-liay, i'crlili.siiyi,^ ingredients 
ivnioved j’roin soil liy, 485; niaii- 
nrial constituents in, 282; Kotli- 
:nnst(‘d ex]H:rinicids on mainiriny 
of, 570. 

Mcadowdainl, l)enetit<‘d l>y liasic slaj^, 
414, .508; iiiannriJiit *^'08; Nor- 
folk exjteriineids on, 500. 

Meat-nnsd j/iiano, 820, 824; ctmi- 
)»osilion of, 1.52; imjiorts of, 821; 
inanufai'tur'c of, 821 ; nitro^a-n in, 
821 ; phosplioric acid in, 821 ; rate 
of nitrilieation in, 11*2 ; source of 
Ditroycn, 1.52 ; value (d‘, 821. 

Mc'clii on li(|nid nianni’c, 4 12. 

.Mcjilloncs poiano, 800, 827 ; i>hos- 
phoric .acid in, 880. 

Metic, on sources of plant - nitrotani, 
42. ’ 

Menliaddo, o;iiano manufactured from. 
822. 

Mexico pliosjiliate, .308, 828. 

Mica, analysis of, 105; pot.asli in, 
214, 220. 

Micro-organisms, convert ammonia 
into nitrons .acid, 107 ; conveii 
nitrous .aeiil into nitric acid, Itl.S; 
etfect fernieiifiRiori, 80; ell'cct tix- 
atiou_ of free nitrogen, 41; etfect 
nitrification, 101 ; oxidising imwer 
nf. 197. 

Mild lime, 453. 

Milk, nitritication in albuminoids of, 
182; nitrogen removed in, 147; 
I'liosplioric acid removed in, 207 ; 
jiotasli removed in, 218. 

Miimrul phosphates, 873-881 ; value 
of, as a manure, 380. 

Mineral s.alts neces,sary for nitrifica- 
tion, 52. 

Minor artificial mannre.s, 424-429. 

Mixing manures, .582-588; ammonia 
mst in, 538 ; nitric acid lo.st in, 
580; phospliates reverte<l in, 536. 

-Moisture, atmosjdierie, action on 
guano, 300; in farmyard manure, 
^fiO ; in manures, 543 ; neces.sary 
lor nitrification, 52, 170. 

Molds, 91. 


Mona guano, 309. 

Mond, Linhvig, on nitrogen in coal, 
354. 

.Monks guano, 327 ; ]i]ios])l)()rie aiad 
in, 330. 

Monoealeic pliospltate, .880; formula 
of, 898 ; molecular comjiosition of, 
8>98 ; ]»erccnt.:ige com|)osition of, 
81*8; reversion of, with iron ami 
.aliindna compounds, .899 — with 
tiie.dcie J.hosphate, 899. 

Mulder on hiiimis in soil, 47, 120. 

Miiller, A., on nitrogen in soil, 121, 

121 . ’ 

Mmiro, Dr. I. M. 11., on nitritication, 
o2 ; on seWagc-sludgc as ni.'uiurc, 
12*9 ; on urine voided, 292. 

Muntz, on :iiiiim*in;i in .air, 118 ; on 
nitrilying organisms in soil, ISO; 
on oxidising power of niicro-orgaii- 
isnis. 197. 

Muri.ate <*f )*ot.ash, a])f)lication of, 
128; forms c.alcium chloride, 422; 
hanidul ellccfs ot, 121 ; more con- 
eeidr.atcl tli.an sulpliale. )22. 

Mustard, 189. 

N'av.as.sa jihos] .hale, 808, ,328, 379. 

Ncsbitoii cnnipositioii of guano, 301, 

New (traiiada, guano dcj.osifs at, 327. 

New Zealand, nieat-ineal gu.ano from, 
321. 

Nile, jdtrates in w.aters of, 159. 
Nitr.aries,” 103. 

Nitrate -fields, a]ipe.ar<ance of, 340; 
origin of, 334. 

Nitrate ot soda, .332 - 351 ; amouid 
exported from Chili, 1.51, 332, 351 ; 
amount imported into Britain, 151,’ 
351 ; .appe.ar.anee of liehls of, 310; 
ajipdication of, 347 ; Chili ami Peru 
chief source of, 101 ; composition 
of, 343 ; crojxs .suited by, 346 ; dis- 
covery of deposits of, 888 ; extent 
ot deposits of, .342; encourages dec] i 
roots, 811 ; formation ci fields of, 
884-810 ; method of apjdying, 847 ; 
method of mining, 841 ; nitric aciil 
in, source of, 887 ; nitro|en in, 
percentage of, 843 ; notan exliaust- 
ing manure, 815 ; origin of tiehls of, 
884 ; ]»roiterties of, 343 ; quantity 
to ajiply, 318 ; shipments of, 351 ; 
soils benefited by, 318 ; source of 
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nitrogen, InO ; ion - dres-sing with, 

Ni (rates, amount lost hy tlrainage, 
liO ; amount produced at diHerent 
times, 189 ; amount in srfil, 129 ; 
l onditions diminisldng loss ol', 189 ; 
eoustantly iV>rme<l in soil, 188 ; in 
haiiey -soils, ir*8 ; in er()i>j)ed soils, 
180, 157 ; in drainage-waters, 100, 
188 ; in lallow-soils, 129 ; in niaii- 
nred wlieat-soils, 181, lf»7 ; in soil, 
129, 1()2 ; lost l>y drainage', 137 ; 
most I'onned in summer, 189; 
nitrogen as, in Kothamsted soils, 
198 ; position of, in soil, 188 ; 
(|uantity formed in fallow -fields, 
188. 

Nitre, beds, 1G8 ; occurrence of, 102; 
soils of India, 102. 

Nitric acid, amount of, supplied to 
soil by rain, 155 ; derived froni sea- 
weed, 337 ; formed from ammonia, 
118 ; formed from nitrous acid, lOS ; 
in farmyard manure, 259 ; in soil, 
128; lost in mixing manures, ,530 ; 
most ini]iorlant nitrogen com])oun(l 
for plants, 101 ; relation of, to 
idants, 50 ; source of, in nitrate 
of soda, 387. 

Nitriticalion, 51, ,52, 161-198; .action 
of gy])suni on, 173; alkalinity 
necessary for, 172; in .asparagin, 
182; bearing of, on .agriculture, 
193 ; in bones, 182 ; cause of, 105 ; 
conditions favonr.able for, 170 ; 
denitrilieation, 177 - 179; ell'ecteil 
by micro-organisms, 51, 107 ; in 
ethylaniine, 182; in lallow-lields, 
184; food - (‘oustitiients necessary 
for, 170 ; lield ex]»eriinents on rate 
of, 187; in gel.atin, 182; in horn, 
182 ; l.aboratory experiments on 
rate of, 185 ; in m.auures, 190, 192; 
in milk albuminoids, 182; miner,al 
salts necessary for, .52 ; moisture 
necessary for, .52, 176; old theorie.s 
on, 196; organic matter not necea- 
ary for, 169, 196 ; oxygen necessary 
for, t>2, 173 ; plant-roots promote, 
181 ; in rape-c.ake, 182 ; rate of, 
183 ; rotation of crops, bearing of, 
on, 195 ; soil best .suited for, 192 ; 
in subsoils, conditions favourable 
for, 181 ; sub, stances capable of, 181; 


in .summer, 188; sunlight, elh i t 
of, on, 176; temperature ne('essai \ 
for, 52, 175; in thiocyanates, 182; 
in urea, 182; in wool, 182. 

Nitrifying organisms, de])th foinel 
at in soil, ISO ; distriluition of, in 
soil, 179 ; eliect of poisons on, 176; 
organic m.atter not recpiired liy, 10'.'. 

Nitrohacter, It >7. 

Nitrogen, 115-160; .absorbed by soil, 
81, 181 ; accumulates in pastun-.. 
181; in .air, llti; as .ammonia in 
soils, 127 ; amount of, in plant--. 
dO; .amount of, in soil, 128; arti- 
tieial siipjdy of, 150; in b.at giiaiin. 
825 \ in l)ones, .368, 864 ; eombiiu'd. 
in .air, 118; conilnned, in rain, 111', 
]5;> ; condition of, in ni.annres, 51" : 
converted into nitrates in soil, 51 ; 
in enw - dung, 220 -228; in cow 
excrements, 278 ; in cow - urine, 
2.30 ; dillerenee l)etween surface; and 
subsoil, 120 ; diilei’ent forms of, -15, 
110; (lis.solveil in rain, 181; in 
dried blood, 124 ; in farmy.ard 
manure, 200; in tish-guano, 821; 
fixation of free, 130; Ibrm.s of, in 
pl.'ints, 491 ; free, relation of, tn 
plant, 117; gain of, witli legiiinin- 
oiis ero|».s, 185 ; in gu.anos, 829 ; 
in hoofs and horns, 420 ; in horse- 
dung, 220 • 228 ; in horse - m.an- 
nre, 248 ; in hia'fni - urine, 280 ; 
importance of, in soil, 88 ; in lean 
tle.sh, 424 ; in leather, 428 ; least 
al>undant of manurial ingredient - 
in soil, 271 ; lo.ss of, artificial sources 
of, 144 ; lo.ss of, by crops, 144 ; 
loss of, on farm, 1 10 ; loss of. 
.sources of, 137-150; loss of, total 
amount of, 142 ; lost in the arts, 
148 ; lost in free; condition, 141 ; 
lost in treating farmyard manure. 
146 ; lost in milk, 147 ; lo.st hy 
cetrogre.s.siou, 142 ; in Manitol);i 
.soils, 156; in meat - guano, 321; 
mature of, in soil, 124; as nitrates 
in soil, 128 ; as nitr.ates in crop] ted 
soils, 130, 157 ; as nitrates in Koth 
amsted .soils, 198 ; .as nitrate-' 
in wheat - .soils, 157 ; in nitrate of 
soda, 343 ; nitric, in soil, 128 : 
organic, absorlted by jdants, 47 : 
organic, in soil, 125 ; origin.al 
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source of, in soil, L‘5-5; in oxen 
cxcrcinents, 2.^0 ; in jiasture-laiids, 
158 ; ]ieat-snils riclicst in, 123; in 
Peruvian gnann, 302, 30(), 307, 329 ; 
in }iig-(lnng, 220-227 ; jiosition ol', 
in agriculture, 115-100; relative 
inaimrial salue of, 550; Ivotliaiii- 
ste«l experiments on, 115 ; in 
seuteh, 427 ; in s(!\vage, 431 ; in 
sewage-sludge, 439; in slieep-dung, 
220 - 228; in sheep exerenients, 
280; in sheep-urim', 230; in soil, 
120 ; in soil, portion of, easily 
nitriliable. 187; in soils at various 
dei'tlis, 150; in soof, 428; souree 
of, in plants, 15, 10, 40-52 : sources 
of soil, i;)l-12,7 ; in straw, 22)7, 24;) ; 
in sulisoil, 121; in surface -soil, 
121 ; in swine-urine, 230; in wool- 
len rags, 427. 

Nitrogenous guano, 300-3)08, ;329. 

Nitrogenous manures, ai)])lieat.i(»u of, 
478 ; benefit cereals, t'.M ; hurtful 
to legniiiinous crops, ,523. 

Nitrogenous organic substances, in 
Chinelja guano, 305 ; in eonerelion- 
ary nodules, 328. . 

Xltrosonwnas, 107. 

Nitrous a(‘i(l, converted into Mitri(; 
acid, 168 ; formed from iimmonia, 
167. 

Nobbe, on lixa^n of free nitrogen, 
136 ; on potaffi*iii soil, 108, 

Nollner on origin of id tr.ate, - fields, 
3.39. 

Norfolk, cojirolitesfrom, 374 ; exjx-ri- 
ment,s on b.arley, 497— on meadow- 
land, 509— on turuij)S, OPj, 

North America, gnano from, 298, 328. 

Norwegian apatite, 375. 

Oak-tree, water trans]»ircd by, 71. 

Oat-straw, composition of, 238 ; man- 
urial constituents in, 282. 

Oats, Arendt’s experiments with, 503 ; 
aveuine in, 503; fertilising ingre- 
dients removeil from soil by, 485 ; 
hardy crop, ,502 ; manurial con- 
stituent.s in, 282 ; manuring of, 
501-504 ; nitrogen removed in crop 
of, 148 ; recpiire mixed nitrogenous 
manures, 502 ; source of nitrogen, 
153 ; Rothanisted experiiiient.s on 
growth of, 567. 


OJirinas, 342. 

dlilemlorll, introiliiction of dissolved 
gii.aiio hy, 311. 

Oilt'akes, imimrts of, 153 ; source of 
uitrngeii, 153. 

Oil-.se(-ds, .source of nifrogeii, Inll, 

Oligoelase felsjKirs, 103, 214 ; com- 
Jiosition of, 103 ; jioiash in, 220. 

Organic matter, in lames, 363 ; in 
dung, 228, 260; in manures, 513; 
not iieeess.'iry for nitrifying org.au- 
ism, 169. 

Orthoela.se felsjiars, 103, 211; com- 
jiosilion of, IU.3 ; jiotash in, 220. 

Ox-duiig, f(!rlilising ingredients in, 
for foo<l ('onsumed, 228, 

Ox-iiriiie, fertilising ingredients in. 

Oxalic acid in guano, .action of, 330. 

Oxen, I'xcremeuts of, 280 ; food aided 
by, 280; .solid excreta voided by, 
280 ; urine voide<i by, 280. 

Oxidation, 79 ; jiroduets of, 79, 80. 

(Jxygeii, alisorbeil by plant-roots, 81 ; 
absorbed liy .soil, 81 ; ex'olved by 
I'lauts, 11; iioeessary for fertility, 
81 ; necessary for iiitiifieatiou, 52, 
173; jiereeiilage of, in jil.aiits, 39; 
souree of, in jiliints, 39. 

Pabellon de Pica, guano from, 298, 
392, 327; idtrogen in, 3;j0 ; jihos- 
plioric acid in, 330. 

P.aeilic Isl.ands, guano from, 29S. 

Paiufic Ocean, sea-weed in, 339. 

Palagoiiite as potash manure, 213. 

l*alm-keriiel meal, manurial constit- 
uents in, 282. 

Pasteur, on fermentation in urine, 
255; on nitrification, 166. 

Pastures, aeeumulation of idtrogen in, 
134; benefited by basic .slag, 414; 
•lefioient in lime, 451 ; effect of 
manure on lierliage of, ,505 ; nitro- 
gen in, 158 ; permanent, 138, 194— 
manuring of, 509 ; .sea*)n infln- 
ences, .507 ; soil inflneiiees, 507. 

Patagonkin guano, .308, 327 ; nitrogen 
in, 330 ; jilio.sjihoHc acid in, ?i30. 

Patent jiliosjihate meal, 405. 

Patillos, guano dejiosits at, 327. 

Patos Island, guano dejiosits at, 328 ; 
phosjihoric acid in, 330. 

Patterson on superjihosjiliate, 399. 
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I’;iyen and Honssiii.t^anlt on coniposi- 
tiou of dried llcsli, 42.0. 

I’eas, iiiniiurial coMst.itueiits in, 2S2 ; 
iiKiimriii,<< of, ^>' 27 ; plinsjilionis in, 
L'O,") ; st)ur('e of ni frozen, lod. 

Peat, alis()r])int' j)rr)ju‘rties of, 239 ; 
ailiiUei'ant of guano, 317 ; analysis 
of staPle-niannre. from, 281 ; litter, 
239; nitrogen in, 210; retaining 
jiroperties of, 210; soils, 123. 

Pelicans, guano i'roni, 297. 

Peiigniii Island guano, 3.30; nitrogen 
in, 330 ; jiliospliorie ;ieid in, 330. 

Penguins, ginino from, 297. 

I’ereival on carhonie aeid in jdants, 
12. 

Peru, guano deposits in, 327 ; guano 
lirst used in, 297 ; nifratt; of soda 
from, 101, 102. 

Peruvian guano, 300-30(); a|tp('arani‘e 
of, 303; eomposition of, 301-300; 
rlcposits of, 301 ; ini])orts of, l.nl, 
297 ; sonree of nitrogen, 1.51. 

Pet(‘rs and EiiOdioruou solvent ]>o\ver 
of salt , 471. 

Petzlioldt on sources of plant’s nitro- 
gen;’ 42. 

Pfeifer s' . i action of light on plant- 
growth, 38. 

Plnenix Island guano, 309. 

Phosphate of iron in Chim/ha guano, 
305. 

Plmspliate of lime, in Algerian ]ihos- 
phate, 379 ; in aj)atite, 374 : in 
Helgian jdiosjthatc*, 377 ; in hones, 
301 ; in (tanihridge coprolites, 374 ; 
in Carolina }>hosi)hates, 370 ; in 
crust guanos, 379 ; in E-stremadura 
jihosjihate, 375; in Florida phos- 
])hale, 378 ; in French j)hos]ih.ates, 
379; in Lalm ])hosphates, 379; in 
8omme phosphate, 378 ; reverted in 
mixing manures, 537. 

Phosj)hates of lime, 385-388, 398 ; im- 
portaiiee of meclianical condition 
of, 542. 

Phosphates, mineral, 373-381 ; imi)orts 
of, jl81; value as a manure, 380. 

Phosithatio guniio’, 308, 330. 

Phosi)hatie manures, application of, 
480. 

Phospliorctted hydrogen in farmyard 
manure, 2.58. 

Phosplioric acid, 199-211 ; in ash of 


plants, .54; in basic slag, 101; in 
bat gii.ano, 325 ; in bones, dt!;] ; 
condition of, in soil, 203 ; in eow- 
iliing, 2’20 - 228 ; in cow excre- 
ments, 280; in cow-urine, 230; in 
farmy.anl mainire, 260 ; in fisli- 
guaiio, .321 ; iix(‘d by soils, 58 : gain 
of, 208 ; ill guano, percentage of, 
329, 330; gnano a source of, ‘JO’J ; 
ill hoofs and horns, 426 ; in Imrse- 
dung, 226-228; in hor.se - uriiii', 
2.’50 ; importamre of, SS ; loss df, 
artilieial sources of, 206 -by drain- 
age, 206- in farmyard manure, 20'' 
—ill milk, 207— in stiwage, 208 
.sources of, in agriculture. 20.5; in 
meat-guano, .321 ; mimu’al sourer., 
of, '200; neei's.sary for idant-grcovtli. 
55 ; oeeiirrence of, in animals, 20.^e - 
in nalnre, 199 -in jilants, 201 in 
soil, 203; in oxen exereineiits, 2>0: 
in ])ig-dnng, 226, 227 : in ])ig exeiv- 
luenfs, 28i ; in pig-urine, 230; ]hi 
sitioii of, in agrieiilture, 199-211; 
relative trade values of, in manure'-. 
400; in roek.s, 202, 211; in sewage- 
.sliidge, 441; in slieeji-dung, 22*) 
228; ill sheep exereineiits, 280; 
in .sliet'p-urine, 230; statement el, 
in analyses of manures, 541. 

Phospliorite, 201, 371. 

Pho.spliorns, in albr'idiiohls, 205; in 
.animals, 205; iA I'eans, 205; in 
peas, 205; in ])lant,s, 201; in ]iig- 
iroii, 401. 

Physical properties of soils, 66-87. 

Pi(‘hard on action of gypsum on ni- 
trilication, 173. 

Pig-dnng, composition of, 226; iii'lry 
state, 227. 

Pig exerements, 281 ; eomposition of, 
281. 

Pig-m.anure, 2.50; .amount produeid 
jier (lay, 251 ; mineral matter in, 
251; nitrogen in, 251; poor in 
nitrogen, 251. 

Pig-urine, composition of, 2.30 — in <lry 
state, 231. 

Pigeon-dnng, 320, 325; ainalysis ot, 
331. 

Pigs, excreiuent.s of, 281 ; food con- 
.snmed by, 281. 

Pisagna, nitrate-fields at, 340. 

Plant, action of light on, 38 ; amount 
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nf liy(Iro','eii in, lO— in, 
•iO— oxyLToi ill, 40; ash i‘ 0 ]istitii(‘iits 
of, carbon li.\(‘(l l)y, 37, 38; 

Ibod. alisni'])tioii of, liy, .Of); jilios- 
])li(iric, aciil in, 301 ; iiotasli in, 3](!; 
]iro,\iniat<- conijKisiiioii of, 30; re- 
lation of aninionia to, 48-,')0; source 
of hydroyell in, 40— ■iiitroyen in, 
40-;1'i -oxyyeii in, 39, 40. 

I’lant-food, absorption of, 190; amount 
of vnlulilc, in soil, 100; early theories 
on soiin.'e of, t; relaiiied by soil, 

Ol , 

I’Lnil-roots. yrow downwards, 84; 
nitrilieatioii jiroinotial liy, 181 ; 
openness reijiiireil by, St}; room 
required b^', 8,'>: soil in relation 
to, 81. 

Pliny, on lime as a manure, 449; on 
salt as a manurm 4(!.a. 

l’n(4<ets a source of ]ilios))])orie acid, 
303. 

[’oisons, c4ieet of, on nitrif} iny oryan- 
i>nis, 170. 

Polstnrlf on ash constituents of |»lants, 

I’olyliallite, iiotasli in. 230, 420. 

Poiqihyry, in ynano, 303; ]4ios])horic 
acid in, 203. 311, 

Potash, 213-330, 448.423; in asli of 
jilants, 54 ; in barilla, 430; chloride 
of, 218; condit^of, in .soil, 21(); 
in cows’ c.vcreul^s, 380; in drain- 
age-waters, 317 ; in farmyard man- 
ure, 200; in felsjiars. 220; in lleeee, 
217: fixed by soils, 58 ; importaiiee 
of, in .soil, 88; in kel]*, 420; le.ss 
important than jihosplioric aeid, 
213; manures, 318, 418-123; muri- 
ate of, 31S, 421 ; neces.sary for nitri- 
lieation, 171; neee.ssary for ]>lant- 
growtli, .55; occiiiTcnce of, 313; in 
ocean, 313; in oxen excrements, 
380; in pig excrements, 280; in 
plants, 216; position of, in agricul- 
ture, 212-220; relative muimrial 
value of, 556; Scotti.sh .soils .snj>- 
I'lied witli, 419; in sheep excre- 
ments, 280; soda replaces, 466; 
sources of loss of, 217 ; in Sta.ssfurt 
salts, 214; .statement of, in analy.ses 
of manures, 542 ; in sugar-beet ref- 
use, 219; .sulphate of, 218, 421; in 
wood-a.shes, 218, 220, 419, 


Potasli manures, 318. 118-433; appli- 
cation of, 433, 480 rate of. 133; 
barilla .'IS, 430; crops siiifod for, 
43-3; ndative ini|>or|;iiiec of, 418; 
.soils suited for, 43.3; sources of. 
41!>; Stassfiirt .salts as, 430; wood- 
.'islies a source of. 4|!h 

Po1a,ssiiini jiliospliate in eoneretionary 
nodules, 338. 

Potassium sul|»Ii.'ite. in ( 'liiiielia guano. 
.305 ; ill eniiei'elioiiarv nodules, >338, 

Potatoes, ell'eet of lariiiyard manure 
oil, 530: fertilising iiigri'dients re- 
moved from soil hy, 485; grown 
with covered maiini'c, 389; High- 
land Hoeiety's ex|ierinu‘nts oil, 518; 
ni;tiiuri;d eonsl it iieiits in, 383 ; man- 
uring of, 517-533— in Jer.sey. 53!l- 
inllllellees eolilposil iou of, 531 : po- 
tash removed in. 317 : Pol hanisted 
experiineiils on, 519, 571. 

Preeijiitate<l ammonium iihosphate in 
eoneretionary nodules, ;138, 

Jhveipitated jiliospliate, 330, 387. 

Preeiiiitaiioii, ti'eatnieiit of sewage liy, 
4;J6. 

I'rii'siley, diseovury of evoluf'm of 
oxygen by plants, 11 ; on ir'rogen 
in jilants, 10. 

Pnissiate of jiolasli, manufacture of, 
3:53. 

Pugh on .sources of jihant-iiitrogen, 

Punta de Lobos giniiio, 303 ; nitrogen 
in, 303 ; jiliosjihorie add in, 303. 

Ihinia de Patillos, guano deposits at, 
337. 

l^yroxene, jiotrsh in, 330. 

Quartz, cva|ior.'itioii of water from, 
99. 

Queen.sland, meat-meal guano from, 
334. 

Qiiercitan, experiments of, witli 
ro.ses, 8. 

• 

Rajie-eake, eajiable of nitrilieatioii, 
182 ; maniirial constituents in, 383. 

Rape-seeds, iiiijiorts of, 153. * 

Raza Island guano, 338 ; idiosjihoric 
acid, 3.30. 

Rectified guano, 311. 

Relative trade values of jihospliorie 
aeid, 400. 
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iicsiii in gnano, 30r». 

l\et(‘nti\(* }>o\va!r ol‘ soils for water 

70-7-j. ’ 

Iu‘irogression, nitrogen lost l»y, 142. 
Keverted filiosphates, .‘ 189 - 091 '; deler- 
niination of aruonnt of, ,‘191 ; for- 
lualion of, :jS7 ; value of, :J191.’ 
1‘liine, nitrates in watin-s of, 158. 

Ki' e-nieal, an a<lnlterant of Kuaiio. 

^ '>19 ; inannrial eonstifnents of, ‘282. 
Koeks, ]»lios]»l»orie acid in, 20‘2. 

Ivoots, inlluene*' ot manures on eoni- 
j'osition of, 512; inaimriiig of, .510- 
5‘22 ; Norlolk exiieriinenls on, 518 ; 
l)otasli removed in, 217. 

Dotation ol erops, Ixsaring of on 
nitritication, 1!*5. 

llotatio]is, jiliosplioiio arid in, ‘290; 

]H)tasli removed in, ‘290. 
Rotliainst('d,_ alteriKde wheat and 
liean rotatioii at, n21 ; ammonia in 
rain at, 49 ; harley e.xpi'riments at, 
hdd; ljroadl)alk Field, alteration in 
<'o]n])osition of, 159— manuring of, 
159 — prodiiee of wheat on, 159 ; 
(Milj expei’imeid s at, ‘18-.‘ld ; ex- 
periments, .5t>0-572 ; experiinents 
with nitrate of soda at, 847; ex- 
periments on nitrogon (piestion at, 

1 15 — mangel - wnrzel, .5(18 — oats’ 
5()7 - potatoes at, 519 — value of 
iiitrogeii in farmyard manure, 271 ; 
inereas^e of nitrognm with manures 
;d, ]:37, .51 ;i; nitrat(>s in barley- 
soils of, 158; nitrates in eropp^d 
soils of, 1.30, 157 ; nitrates in drain- 
age of, 189_; nitrates in wlu'at-.soils 
ot, nil, 157 ; nitrogen as nitrates 
in soils of, 129, 1J*8 ; nitrogen, d(!- 
erease of, in soils, 1.59 ; nitro-mn in 
pasture at, r2t) ; i.astiire, inerease 
ot nitrogen in, 1.58 ; retrogression 
of nitrogen at, 142; soil, nature of, 
501— nitrogen in, at various depth.s, 
lot) ; total amount of nitrogen lost 
Jt, ■'42; turnip experiments at, 
o08 ; unnianureti fallow-hand loses 
nitrogen by drainage at, 141 ; wheat 
e.viierimeuts at, .500, 502-505. 

Roy on sources of plant-nitrogen, 42. 

Ruhidia in ash of jilants, 55. 

Ruflle, Jolin, on suiierphosphate, 388 

Rye, manurial constituents in, 282. 

Rye -grass suited for sewage, 4-35. 


eo'ii))o.sitioii of 

2.‘18; winter, comfiositioii of, ‘2:ls. 

St Helena, exfieriments at, with 
^ Feruvian guano, 801, 
kSahlanha Hay guano, 828; nilro-vi. 
in, 329 ; phosidiorie acid in, ;>29? 

885, 

8alm - Ilorstmar, Frinec, on watci - 
cidture, 54. 

Salt, 405-478; action of, on 
472 ; adidferaiit (d' guano, .‘do • 
amount applied, 178 ;'anl iiputy of 
use ol, 405; an aiitise])tie, ids ; 
apidieation of, 472 ; clarities wat.-r' 
470; eo.'igulates clay, 170; dt 
poses minerals, 170 ; a germiride 
108 ; indirect aetioii of, '108 ; me 
ehanieal action of, 470; iiatiiic o 
action of, 405; not a necessary 
phuit-lood, 100 ; oeeurreiiee of 
407 ; preveids rai»id feniiciital ioi: 
471 ; (juantity to ai>ply, 478 ; .m,1 
V(!nt action of, 470; sources of, •lii''. 
Saltpetre, formation of, 104 ; occur 
^ rciiceof, 215; ]»lantations, 108, 
Sand, alisorjitivc power of. 08; an 
adulterant of guano, 819 ; I’al 
eart'ons, a!)Sor])tii-e ])Ower of, O'' : 
.siliceous, absorptive jiowcu’ of, 9'', 
Sandy soils delici,>jt in lime. 451. 
Sandwich Islaiid.smguano dciiosits at. 
828. / 

Saragossa Sea, sea- weed in, 889. 
Saii.ssure, He, on ahsorption of got ^ 
hy .soil, 81; on nitro,gen in [ilaiitN 
41 ; researelies on plant-food hv, 1.‘'. 
Sawilust an adulterant of guano,' 81 9. 
Seheibler, Proie.ssor, on ba.sie sla", 
401. 

Selilo(‘sing and Miintz, on nitrifica- 
tion, 51, 160; e.x]»et'iments on rate 
of nitrilioal ion hy, 185, on denili i- 
fu\ation, 179 ; on' ferments etlectinL^ 
iiitrilieation, 107 ; on fixation <4 
^ free nitrogen, 42; on ammonia in 
• air, 119, 132 ; on nitrogen absorlnd, 
by soil from air, 182 ; on tempera- 
ture favourable for nitrification. 

^ 175. 

Schoenite, jiotasli in, 2‘20. 

Schidder, on absorptive power ol 
soils, 98 ; on retentive power ot 
soils, 98. 
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I Seluilze oil li.vcrs, 210. 

I Si'iitdi, ‘127 ; iiuimifactun; of, -127; iii- 

' troiiieii ill, 127. 
h^r.i-wcril, iiitrio arid in, 339. 

S(‘al‘^, ;^Miano from, 297. 

Si'L'd, frililisiiiL,^ iiigrrdiriit.s lodijo in, 
191. 

K'iiii', nitratrs in waters of, ir>8. 
.seiieOier, .lean, on earlion in plants, 
12 : on nitrogen in ])lant.s, 11. 
Sewage, l-'iO- I ll ; ehai'eoal a lilter for, 
l‘!7 ; eiDjis suited for, 131; ile- 
nili'iru'alini) in, 179; dry matter 
in, 131 ; ellVets of eontinned ai)pli 
witions of, 133; tillers for, -1.37; 
irrigation willi. |:!1-133; nitriliea- 
lioii in, 100 ; nili’ogeii lost in, 11!* ; 
]iliosplinrie arid lost in, 11!* ; juiri- 
lied liy soils, l.'l.) ; treatment ol', liv 
in-eeijiitalioii, ‘130 ; value of, as a 
manure, 130. 

Sewage-siek land, 133. 

Sewage si udg(‘, 1.38- 1 11 ; as a manure, 
I'xperiments witli, 138 ; nitrogen in, 
139 ; pliosphorie arid in, 13!* ; ]iro- 
litalile trealment of, HI j value of, 
139 ; Wiiter in. 138. 

Sliale- worlvs, snlpli.ate of ammoni.a. 
I'l'o)!), :ir>s. 

Shark’s Day guano, 309, 32.8. 

Slieej), exerements^'. 280, 281 ; solid 
e.xeivta voided 1«2S0; urine voided 
l»y, 2S0. 

Sheep-dung, .alkalies in, 220; e(tm- 
l)osilion of, in dry stati*, 227 ; im»st 
valnakli' exeremeiif, 227 ; nitrogen 
in, 22*1; ])liosphoric aeid in, 220; 
water in, 220. 

Slieep-manure, 2.01 ; amount prodiiceil 
jier day, 2.51— per year, 2.52 ; diy 
inatter in, 2,52 j mineral matter in, 
2.52 ; nitrogen in, 252. 

'lieep-uriue, .alkalies in, 230; com- 
])ositioii of, in dry state, 231 ; most 
valuable urine, 231 ; nitrogen in, 
230 ; ])hospliorio .acid in 230; water 
in, 230. 

diodjly, 127 ; lu'odnction of, 152, 

I 425 ; nitrogen in, 152, 427. 
j Sicily, bones from, 360. 

Sidney Island guano, pho.sphoric acid 
in, 330. 

•^itlniens, Dr, experiments fry, with 
light on plaiit.s, 38. 


Silic.a, in a.slnaf jdaiifs, ,55; in Cliinelia 
guano, 30.); jelly, 109; necessary 
for plant-growth, 55. 

Silie.ates 102; alisorbed by cereals 
491. 

Silicic .acid fixed by soils, .5.8. 

Simon on humus in soil, 17, 

Sl.aked lime, 151. 

.Sings killed 1»y lime, 101. 

Smut ]ircvciitcd by lime, 101. 

Soda, in ash of plants, 51 ; lived by 
soils, f,S ; iiccess.arv fur plant- 

growth, 55; iiitr.ate’ of, -3.32-351 ; 
in s(/(iii(/s, 335 ; replaces pot.asli, 

^ 100 . 

Sodium ehloiahle in Cliineli.a Island 
guano. 3o5. 

Sodium pliuspliale in eoneretion.'irv 
nodules, 32.'^. 

Sodium sniph.ate in eonendionarv 
nodules, 32.S. 

Soil, 05-108 ; ahsorplive power of, for 
water, (.17, !*8 ; .acids fixed by, .5.8- 
00; .action (»f liuK; on^ jr,;;'. 
immia alisurbed l.y, S] ; aiiioiint of 
solnlile pI;iid-foo(l in, 100; arii- 
lieial, 51 ; b.arh'y, nitrates in, 158 ; 
Oases lived hy, 5.8-00; best suited 
for nitrilie.atiun, 192 ; Inojugieal 
pro).erti.N (d; irg-PO; capacity for 
heat, 70-7'8; c.arboidc. .acid ahsorbcil 
by, .81 ; clieiiiieal comiiosition af 
•^7-92, 101 - 107; col, mr of, 80; 
croppiid, nitrates in, 157 ; 'leidtri- 
hc.atioii in, 177 ; ,‘vaporation from, 
71, 72j larmy.ard manure, action of, 
“^^5 fertilising ingreilieuts in, 
87 Infertility ol, 05-108 ; fineness of, 
09-70; gases in, 100; hvgrosco])ic 
piower of, 75-70, 9!>; imj.roved l.y 
humu.s, 272 ; influence of farniyar,! 
manure on, .175; on nitrili(,aation, 
180 ; maimres iii'.-re;i.se fertility of, 
474 ; nitrates in, amount of, 128- 
131 ; nitrifying organisms in, 179 ; 
distribution of, 179; nitro^jii .ab- 
.sorbed by, 81, S2, 131 ; nitrogen 
accumulates, 133 ; nitrogen in, 
amount of, 120-128 ; nitrogen l^ast 
.abundant of m.aiiurial ingredients 
in, 270 ; nitrogen at various depths 
in, 150 ; oxygen absorhed by, 81 ; 
pho.sphoric acid in, 203— condition’ 
of, in, 203— occurrence of, in, 203 ; 
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pt'ut, 123 ; j^osscsscs power of fixins/ 
anmionia, 57 ; ])ota.s]i in, 215— con- 
’ I'oteiitiul fertility 
oJ, : l»ower of, for absorbing 
gases, SI ; relation of, to plant- 
roots 8-1 ; r(‘tention of plant-food 
I'y, I retentive i.ower of, for 
water, 70-73 ; sewag(! purified liy, 
-Ido ; slirinkage of, 7 1 ; variation in 
a bsorbing j.owers oi; 82 ; vari.dies 
of, b/ ; virgin, 133; water in, most 
lavotirable amount of, 75 ; water- 
logged, 170; wheat, nitrates in, 157. 
Soluble, ]tliospliate, 380. 

Sombrero i»lios]»liate, 308, 328, 330 
370 ; phos))hovic a.eid in, 330. ’ 

Somme plios])lia.te, 378. 

Sool 428 ; ajij)lieation of, rate of, 
4 l 9 ; ero].s suited by, 420 ; nitro- 
^ gen in, 428. 

Soiifli Ameriea, guano dejmsits in 
327 ; meat-meal guano from, 324. ’ 
Slarbuek Island guano, 300, 328 • 
Iihosphorie aei<l in, 3.30. ~ ’ 

Stassfurt sails, 214 ; imtash in ‘>15 

420. > - M 

Stead and Kiltsdale on formation of 
l.iasie slag, 407. 

Stoeckliardt, on eom]»osition of solid 
excreta, 220 ; on composition of 
urine, 220. 

Storer, Professor, on composition of 
birds dung, 331 ; on composition of 
leaves, 242; on fish -guano, 323* 
on nitrogen removed in milk, 147. ’ 
Stray', composition of, 2.38; imports 
of, 1.33; .as litter, 236, 248; mineral 
majler in, 238, 243 ; nitrogen in, 
variation in comiiosition 

ol, 237. 

Subsoil, conditions favourable for 
iiitrilication in, 181. 

Sullblk coprolites, 371. 

Sugar-beet refuse, jiotash in, 219. 
Sulphate of alumina, a precipitant of 
sewage, 437. 

Sulphate of ammonia, 352-358 • am- 
nioriia in, 355 ; application of, 356 * 
eompovsition of, 355 ; a concentrat- 
ed nitrogenous manure, 356 ; con- 
verted into nitrates, 356 ; from 
ps-works, 353 ; from iron-works, 

355 ; from shale-works, 354 ; manure 
for cereals, 356 ; most easily nitri- , 


101 ; Jirodiietion n 
151, 3u8 ; i.roperties of, 355; sour- 
.^i/‘itmgen, 149; sources of, ;15: 

304, 3.,8; sulplioeyanate of ammoir: 

III, 3.3.5. • 

Sulphate of lime a fixer, 246. 
Sulphate of magnesia, an adulter.u, 
ol guano, 310; as a fixer, 246. 
Sulphate of jiotash, aj.plication of 
4.^2- late of, 423; compared witi 
muriate, 421 ; sources of, 218, 4-^) 
Sulphuretted hydrogen from turn'. 

yard manure, 258. 

Sulj^^uric acid, action of, o,i l»om. 
382-011 guano, 311 -on triealci 
phosjihate, 308 ; in ash of ])laIlt^ 
•>1; as a fixer, 245, 285; iieeessni'v 
for Idant-growtli, 55; snperi.lio. 
]>liate maniifaetnred witli, .381 38^ 
382-400; action 

d32-30.i - .somef i nies mi favoiiral >1. 
'>02 ; aj.iilieation of, 305-rate of 
’^01 ; diseovci ^ 

op 382 ; hastens early growth, 30! 
higli-clnss, 302; ]ow-(4ass 3')-^ 
iiianii faeture of, 383 - 385 -1 plio. ' 
I'liates Miitable for, 38-1; mcdiuni- 
Class, .jpi ; prodncfion of 38''' 
reversion in, 380, .390, 400— eaiiM- 
of, 380, .300; reverted in soil, 30'> 
Surprise Island gni'iio, 328. 

Swan Island gman^r 328. 

Swedes, lertilisiirs ..""redients remov- 
ed from .soil by, -185; manurial eoii- 
stitueiils ill, 282 ; manuring of, 5] 1 
Swme-(liing, alkalies in, 226; eo,,;- 
Jiosition of, 227 ; nitrogen in 224 ' 
phosphoric acid in, 226; waterin' 

Swiiie-uriiie, alkalies in, 2.30* eoni* 
l»osition of, 2.31 ; nitrogen in 9.30 ■ 
phosphoric acid in, 230; water iii. 
230. 

Sydney Island gnano, 300. 

*"^^211^^’ 1 pliosphoric acid in, 202. 

Sylvin, ]iotash in, 220. 

^^pnbiosis, 44. 

de, nitrate deixisit' 

Tarapaca, nitrate deposits in, 340. 
Icmiperature necessary for nitrifica- 
tion, 62, 175. 
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Tetracalcic ])lios|)liate, 387 ; occur- 
rence ot, 387, 400 : solubility ol', 
^^ 387 . 

Thacr on a]tplicatioii ol' I'ariiiyanl 
uiaiiurc, ‘277). 

'riiiocyauatcs, nitrification in, 182. 
'I’lionias-Clilchrist process of steel- 
snicltin", 402. 

'riioiiias-slapn Sec llasic slaf^. 

Tillage increases nunil»er of plants, 80. 
Timor Island guano, 309. 

Tobacco, ]»otash in, 217. 

Torrefied horn. 42(5. 

Torri'fied leather, 428. 

Tortola guano, 3<J9. 

Trachyte, jihosjdioric acid in, 202, 211. 
Transjiiration, by elm-tree, 71 ; by 
oak-tree, 71. 

Ti'ch'S, as pnmj)ing-engines, 70; \vater 
lranspire(l by, 71. 

Tricalcic [)lios|)hate, 380, 398. 
Tubercles on roots of plants, 44. 

Tull. Jethro, Iheorv of, on jdant- 
growth, 9-1 1, (59, 109. 

Turkey, (lung ]»rodueed by, .‘Wl. 
Tiirnii'S, fertilising ingre<lients re- 
moved from soil hy, 4 s:, ' 1 ; manurial 
eoiistifiKuits in, 282; manuring of, 
7)10, 7)11, 7)13 -.717; liothamsted 
experiments.on growth of, 508, 
d’wig.s, potash in, Vl7. 

Ty rosin, assimih pd by jJants, 47. 

- * 

Ulmates in faniiyard manure, 279. 
Idmic acid, in farmyard manure, 2.78; 

in humus, 47. 

I ’Imin in humus, 47. 
l'nc()vered farmyard manure, ‘2(53, 
289. 

Unexhausted manures, valmation of, 
749-7).72, 7)58. 

ITiit value of manurial ingredients, 
514. 

Units for determining eoumiereial 
value of manures, 554. 

Urate of ammonium in Uhincha Js- 
laiid guano, 307). 

Urea, assiudhated by plants, 40 ; in 
farmyard manure, 257 ; nitrification 
in, 182. 

Uric acitl, experiments with, 40 ; in 
Cliiucha Island guano, 305. 

Urine, 228 ; amount voided, 291 ; 
composition of, varies, 228 ; con- 


tains dige.slcd manurial ingredioiits. 
228, ‘2.32; devoid ot]ihos])h()rio acid,' 
205 ; ami dung, com]iosition ( 4 . 
2 . 34 ; iullueiice ot food 011 , 221* ; 
idtrilieatiou in, 197 ; iiitrojeii in.' 
292; ix.lash in. 292; voiikMl liy 
cows, 280 ; voided by oxeii, 280 ; 
voided by i)igs, 281^; voided liy 
sheej), ‘280. 

Uruguay, meal-me.al gnaiio from, 321. 


Valuation of manures, 539-.759. 

N'ogetatiou, desirable to have soil ( - 
ered with, 194. 

Veueziiela, guaiio dej)Osits at, ,327. 

Ville, Ceorges, on ;issiiinlat ion (4 
ammonia, 50 ; theory of, 011 sourer 
of plant idtrogeu, 4f. 

Vine, j)otash removed by, glfj. 

\drgiu soils, 133. 

\ o(4eker, Dr, .analysis ol' .apatite, 2l0 
- ol farmyanl mamire, 259; on 
action of siiperpliospliate, 31*5 ; on 
fresh and rotte<l <liiiig, ‘201, 2s*i • on 
guano, .;1(5 ; on salt as ;i nianiua*. 

4/3. 


\'oss, 

152. 


Jlermaiin, on manures used. 


W.agner, I’rolessor, on, ;i|iplir,',tion <4 
b.asie shag, 4 It!; assimihalioii (4' 
organii’ nitrogen, 1<> ; e.vjierinienS 
with h.a.sic shag, IO. 8 -II 3 ; fiurm-^s 
of ))asie shag, 109 ; m.anurrs, 112 ; 
relative mannri.al value, of nitro-rn 
com pounds, .55(5 ; .soUdjilit y (4' liuvi. 
slag, 408. 

Wallace, Dr, on sewage purification. 
430. 

Walruses, gnaiu) from, ‘297. 

Warington, lb, on aiumouia in rain, 
49 ; on appearance of nitrons org;u)- 
isiijs, lt)8; on conditions favonralih; 
for nitrification, 181 ; exja rime]it> 
on rate of idtrilication, Isti ; on 
composition of farmyard gjianure, 
200 ; on manufacture of siijicrjihos- 
jihate, 383; on manurial constitn- 
cuts of foods, 282; on nitrifiudion 
ill alkaline .solutioms, 197; on ni- 
trogen in excrements, ‘233; on id- 
trogeii in soil, 122; on jiotash in 
wool, 227 ; re.searclies of, on nitrifica- 
tion, 35, 5‘2, 100-108, 180, ISO, 
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Water, absorbed by jdaiits, 73 ; 
aiuoiint of, transj)ired by jdant- 
leaves, 56 ; aii adulterant of guano, 
31 9 ; a carrier of ]»laut-food, 55 ; 
in cow-(lung, 226-*cow-urine, 230; 
from decomposition of farmyard 
manure, 257 ; in borse-dnng, 226 — 
liorse - urine, 230 ; necessary for 
])laiit, 67 ; in pig-dnng, 226 -pig- 
urine, 230 — sheep - dung, 226— 
slicep - urine, 230; transpired by 
elm-tree, 71— oak-tree, 71. 

Water-culture, 51. 

Water-logged soils, 179. 

Waterloo, bones from, 360;,^- 

Way, Thomas, on n.'teiitioh 
food by soil, 57, 59 ; on sewage, 1^. 

West Indies, guano from, 298. 

Whales, guano from, 322. 

Wheat, fertilising ingredients remove<l 
from soil by, 485 ; Elitcham experi- 
ments on, .500 ; inanurial constitu- 
ents in, 282 ; manuring of, 109-.501 ; 
nitrogen renioved in crop of, 145; 
requires nitrogenous manures, 499 ; 
Rothamsted experiments on, 500, 
562-565 ; a source of nitrogen, 153. 

Wheat-soils, nitr.ates in, 1.57. 

Wlieat-str.'iw, analysis of stable man- 
ure made from, 283 ; comjtosition 
of, 238 ; inanurial constituents in, 
282, 


White clover, growth of, [iromoted by 
lime, 451. 

Wiegniann on ash (•oiistituents ol 
plants, .53. 

Wilfarth on nitrogen in iilants 44. 

Wilting, 73. 

Winogi'.adsky, on nitrilication, 52, 
167, 169, 197 ; on organisms in 
s(vil, 91. 

WoKf on, analjcsis of manure - heap 
drainings, 290 ; eomjiosition ot 
fresh and rotlim dung, 288 ; .assimi- 
lation of organic nitrogen by plants, 
47 ; relative nianiiri.al value of 
inanurial compounds, 556 ; urine, 
232. 

Wood-aslies as potash manure, 218, 
419. 

Woodhousc, researches of, on nitrogen 
in jdants, 41, 

Wool, c.ap.'ihle of nitrilication, 182; 
potash in, 217. 

Wool-waste, 427 ; nitrogen in, 427. 

Woolney, on organisms in soils, 93, 
95 ; on water in soils, 75. 

Wrightson, Professor, on aiiplication 
of basic .slag, 414. 

Yeast, 94. 

York.shire, bones lii’st used in, 359. 

Zeolites, potash in, .b 0. 
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